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TNTRODUCTION

Beginning in i972 the Governments of the United
States of America and the Union of Soviet Socialist
Republics signed a series of bilateral agreements
for cooperation in various areas of science and
technology, of which there are now eleven in number.
The senior of these, the Agreement on Cooperation in
Fields of Science and Technology, was signed by
President Nixon and General Secretary Brezhnev in
May 1972 and is implemented through a U.S.-U.S.S.R.
Joint Commission on Scientific and Technical Cooper-
ation, chaired on the U.S. Side by the President's
Science Technology Advisor. One of the twelve
active Working Groups carrying out cooperative
research under ele Joint Commission is in the area
of Science Policy, which in turn focuses on two major
areas of mutual interest: the Planning and Manage-
ment of Research and Development, and Fundamental
Research Systems.

The present two volume study, Science Policy:
USA/USSR, prepared by members of the U.S. side of
the working group, is based on the first phase of
work in Science Policy by the group concerned with
R&D Planning and Management,' which lasted from
approximately 1973 to 1977. The goal of this phase
was to build a base of information which could then
serve to orient U.S. participants to more discrete
and sophisticated analyses of the policy-making sys-
tems in the respective countries concerned with
scientific and technical research; the principal
mode of operation during this phase was exchange of
visits, written information, reports, and specific
questions and answers between the U.S. and Soviet
members of the group. It became quietly apparent,
although not to anyone's great surprse, that there

I viii



would be a number of problems in emerging with satis-
factory products, from information access and admin-
istrative difficulties to, perhaps most significantly,
entirely different perceptions of the content of the
study of science policy, incompatible terminology,
and divergent analytical traditions, not to mention
the important substantative differences in the making
of science policy in the two countries. In many
senses, we were speaking entirely different languages
to one another and for this reason our initial prog-
ress was often slow and painful.

By 1976-1977, however, enough progress had been
made to encourage U.S. participants to think about
compiling what we had learned, both about ourselv,
and the Soviet Union, into monograph form in orde_-_
make this information accessible to the public at
large. Again, not surprisingly, the job of compila-
tion was beset by many of the same difficulrf.=,, men-
tioned above. An initial summary prepared by Battelle
Columbus Laboratories was reviewed and commented upon
by U.S. participants, after which Mr. Nat C. Robertson,
a distinguished technical administrator and research
scientist with broad experience in the U.S. industrial
sector, and Dr. Paul M. Cocks, a leading specialist on
science policy in the U.S.S.R., utilized the data pre-
pared by Battelle in writing the present volumes. The
results, I believe, merit close examination by schol-
ars, scientists, government and industrial officials,
and the lay public.

The time and effort of an unusually large number of
individuals went into vaious phases of this project.
Nat Robertson and Paul Cocks deserve special praise
for taking on the extremely challenging task of sift-
ing through the mass of accumulated material, verifying
data, and integrating it with their own expert knowl-
edge to yield an intelligent and illuminating final
product. The initial summary by Battelle Columbus
Laboratories was, of course, highly instrumental in
getting the study off the ground and the contributions
of the Battelle staff are gratefully acknowledged.
The information contained in the volume on the U.S.S.R.
could not have been obtained in the first place were
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it not for the enthusiastic participation - -which was
severely tested at times--by the U.S. members of the
Science Policy Worklog Group, most particularly its
former U.S. Chairman, Dr. David Z. Beckler, and of the
members of the Subgroup on R&D Planning and Management
who participated In the project's first phase (in
alphabetical order), Joseph Berliner, Lewis M.
Branscomb. Paul M. Cocks, Murray Feshbach, Richard T.
Gray, Herbert Levine, Franklin A- Long, Nat C.
Robertson, Lowell W. Steele, and Robert L. Stern. The
staff of the Arlington, Virginia office of SRI Interna-
tional assisted with the final editing and preparation
of the manuscript. Although these studies are not
official publications of the U.S side of the working
group and only their authors are responsible for their
content, I wish to take this opportunity to thank all
those who assisted in their preparation. Financial
support for the project was provided through the
National Science Foundation.

William D. Carey
U.S. Chairman, U.S.-V.S.S.k. Working

Group on Science policy

June 1980

'Until 1979 there were four subgroups of the
Science Policy Worklag Group: R&D planning and Manage-
ment, R&D Financing, Training and Management of S &T
Manpower, and Systems for Stimulating the Development
of Fundamental Research. Other Publications resulting
from the Working Group's efforts include Louvan E.
Nolting and Murray Feshbach, "R&D Employment in the
U.S.S.R.," Science, v. 207 (February 1, 1980), pp. 493-
503; and S stems for Stimulatin the Develo-nent of
Fundamental Research (Report. Prepared by the U.S. -
U.S.S.R. Working Subgroup on Systems for Stimulating
the Development of Fundamental Research of the National
Academy of Sciences/National Research Council), NTIS
Order Number PB80-162316.
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The importance attached to scientific and techni-
cal progress in Soviet ideology has encouraged the
acceptance of large expenditures on R&D, especially
in the postwar period. The rate of growth of expend-
itures on science for the past 25 years, in fact, has
outstripped the rate of increase of both national in-
come and industrial production. Unlike the United
States, there has been no "flight from science" dur-
ing the past decade. While allocations for R&D rose
in the US to 2.5 percent of the GNP in 1965 and have
fallen ever since, official expenditures on science
as a portion of national income have risen in the So-
viet Union from 1.3 percent in igso, to 2.7 percent
in 1960, to 4.8 percent in 1975. If we add develop-
ment activity at the enterprise level, which is not
included in "official" science figures, then the to-
tal share of national income has probably been about
7 or 8 percent throughout the 1970s. While official
allocations for science have tended to stabilize in
recent years at around 5 percent of the national in-
come, this rate is still significantly higher than
that of any nation in the Western world.

At the same time, certain tensions and conflicts
between science and ideology impede scientific and
technological developments. The commitment to sci-
ence is "conditional." The Soviet government, like
its Tsarist predecessor, has been ambivalent toward
science. On the one hand, it sees science as indis-
pensable for economic modernization and for enhancing
Soviet military power; on the other hand, the regime
distrusts the scientific spirit with its critical at-
titude towards authority and individualistic approach
to problem - solving. The evolution of science as an
autonomous social activity carries the dangers of
professional exclusiveness, elitism, and the asser-
tion of rationalistic modes of thought. Manifesta-
tions of dissent in recent years among scientists
testify to the reality of these dangers and make ide-
ological problems a gontInuing- basic concern of So-
viet science policy. Dzherman Gvishiani, a deputy
chairman of the USSR State Committee for Science and
Technology, emphasizes that "all socialist states
cannot but grant great significance to the mastering

3
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to attempt to formulate a policy towards science and
technology as a whole. It began conducting statisti-
cal and organizational surveys of scientific person-
nel and institutions a decadg before other countries,
including the United States.

Despite all the talk about science planning and
policy during the twenties, however, little action
was actually taken in this direction. The first na-
tional conference on plimming of scientific research
did not meet until 1931. A. member of the Communist
Party was not elected to the Academy of Sciences un-
til 1929, and only in the thirties did the scientific
affairs of the Academy begin to reflect Party desires.
Actually, the innovative posture of the government in
this policy sphere in the 1920s gave way to a sterile
approach under Stalin. From the early 1930s until
Stalin's death little was dons about the formulation
of science policy and the planning of science. Though
research organizations, like all Soviet institutions,
drew up annual plans, these were not meaningfu3. Ser-
ious attention began to be given to the plalBing and
management of R&D only after the mid-1950s. By then,
the USSR, the initial pioneer in national science
planning, lagged behind iinumber of Western industri-
al nations in this area.

Similarly, the search for one central coordinating
agency to oversee the development of science and tech-
nology was gradually abandoned by the mid-1930s. No
Commissariat of Science was ever created. Instead,
responsibility for R&D planning and management rested
for the next 20 years primarily with the industrial
commissariats and later ministries as well as several
central departments. Much like the American pattern,
the Soviet R&D effort was structurally and adminis-
tratively fragmented among multiple mission-oriented
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agencies with conflicting jurisdictions and interests.
Though formal control existed at the all-Union level,
there was no effective coordination of policy at the
center. Basically, there were four main organiza-
tional actors in science and technology policy: the
USSR Academy of Sciences, the State Planning Commit-
tee, the industrial commissariats or ministries, and
the commissariats or ministries of education. Of these
four the most important was the Academy. While indus -
trial R&D was formally coordinated by the State Plan-
ning Committee, each ministry in reality looked after
its own research needs until 1957 when the ii.inister-
Lai system was substantially reorganized.12

Thus, nationa_ :. science planning and policy as suk_h
is as much a postwar phenomenon in the USSR as it is
in the United Statas. The development of science and
technology began to be planned on a general state ba-
sis rather than on the level of separate institutions
only in 1949, when an annual plan for the introduc-
tion of new technology was formulated for the first
time.13 Only in 1956, however, did the plans begin
to include assignments for scientific research. Sec-
tions on the financing of research and on the provi-
sion of materials and equipment were not added to the
plans for science and technology until 1_962. Also at
this time plans for training scientific manpower be-
gan to be compiled. In 1967, for the first time, tar-

gets for the application of computer technology and
management information systems were included in the

annual plan for S&T. The following year the All-
Union Scientific and technical Information Center
began recording all research projects in the country.
Efforts to develop a comprehensive plan for nation-
wide technical standards did not start until 1971.
The state registration of all experimental design
projects did not begin until 1973.

Moreover, the planning of science remained con-
fined to a one year time frame until the mid-1960s.
In 1P66, for the first time, a list of 250-odd prior-
ity R&D problems was drawn up and included in the

five year macroeconomic development plan. Only toward
the end of the 1960s did systematic lollg-range (10/15
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years) studies begin to be organized in scientific
forecasting and technology assessment on the develop-
ment of industrial branches and on national problems
such as the future fuel and energy balance, develop-
ment of the transport system, the use of metal and
lumber, and the provision of an adequate food supily.
Work on a "Comprehensive Development Program for Sci-
ence and Technology and Its Social and Economic Con-
sequences" up to 1990 started in 1972, and a draft of
this program was largely completed by the fall of
1975. The issue of ecological development ham only
recently become an object of central planning. TiAls
the current Tenth Five Year Plan (1976-1980) includes
for the first time a separate chapter on the rational
utilization of natural resources and environmental
protection.

Organizationally, too, the first real step towards
an overall coordination of R&D was taken only in 1961
with the creation of the State Committee for Coordi-
nation of Scientific Research. In 1965 this body was
reorganized into the present State Committee for Sci-
ence and Technology. Taken together, then, all these
measures give substance to the statement by Gvishiani
in early 1972 that "the various forms of state activ-
ity in the sphere of science are, on the whole, still
in the formative stage. While some of them have been
applied for decades, others have emerged relatively
recently. u14

Inspire of some advances, however, the Soviet S&T
establishment remains highly deficient as a model of
effective systems planning, management, and control.
Research and development continues to be housed in a
myriad of institutions and fenced off by strong de-
partmental barriers that slow and impede the innova-
tion process. Efforts to strengthen integrating
structures and functions have met with only partial
success. The whole system still bears the heavy
chalk marks left by the branch ministries and cen-
tral agencies which participate in and share respon-
sibility for science policy.

8



It is important to stress that Kremlin authorities
have not abandoned their basically centralized ap-
proach and holistic perspective toward science policy,
even in face of the growing size and complexity of
their R&D effort. On the contrary, a perceived need
to accelerate science and technology has led them to
p- ;s all the more strongly in the 1970s for new tech-
niques of systems planning and management. Their com-
mitment to central planning rcmains firm. "The scale
and complexity of these problems," says Gvishiani,
"are such that in present-day conditions they can be
tackled only on the level of state policy."15

Today, modern systems technology and terminology
have become the fashion of the times in Soviet dis-
cussions of science policy. The new systems movement
and management mentality are very much in keeping
with the conventional centralized approach to sci-
ence policy. At the same time, however, the new sys-
tems rhetoric continues to suggest an image of unity,
coherence, and wholeness that are still lacking in
reality.

THE SEPARATION OF SCIENCE AND INDUSTRY

Science and industry in the USSR have always been
largely separate worlds, more coexisting apart than
mutually cooperating and pulling in the same direc-
tion. They are, to use Pravda's recent imagery, like
"two flagships proceeding on different courses, in
different seas."16 Or, to phrase the analogy slightly
differently, they often appear like two ships "pass-
ing in the night," unaware of the other's presence
and activity. This basic 0.1nd persistent feature of
the system forms an essential background to an under-
standing of the Soviet situation, especially the ser-
ious interface problems involved in technological de-
velopment and delivery.

On the one hand, a bias in favor of theoretical
work pervades the world of scientific research and

9 23



development. Lacking usually their own experimental
facilities and generally neither rewarded nor penal-
ized for the success or failure of their results, re-
search scientists and design engineers tend to do
their work with little reference to its practical ap-
plication. Development work does not usually hold
the excitement and drama of fundamental research,
particularly in the civilian sector. Soviet higher
educational establishments offer practically no spe-
cialization for designers and technologists. The no-
tion that "small is beautiful" remains overshadowed
by an infatuation with "big science" and "big tech-
nology."

Historically, too, Russian science has been known
for its strong theoretical orientation. Its greatest
figures were theoreticians, such as M. Lomonosov and
D. I. Mendeleyev in chemistry, P. N. Lebedev in phys-
ics, and N. I. Lobachevsky and P. L. Chebyshev in
mathematics. In contrast to American culture little
place or prestige was given to the practical tinkerer
and innovator, much less the technological entrepre-
neur. The Imperial Academy of Sciences, from the time
of its foundation in 1725, was primarily theoretical
in orientation and relatively isolated from industry.
The continuing predominance of the Academy as the or-
ganizational center of Soviet science assures the
theoretical bias of the national scientific tradi-
tion. In general, both pre- and post-revolutionary
scientific R&D have not affected contemporary econo-
mic life significantly.17

Since the earliest days of Soviet rule efforts
have been made to bring science closer to practical
matters and social concerns. Scientists have been
constantly instructed to serve socialism and to help
solve problems facing society and the economy. The
R&D establishment has been repeatedly reorganized to
achieve a better coupling between research and pro-
duction. Nonetheless, the translation of scientific
ideas into use remains a major problem to this day.
The bias of the official ideology and of the regime
for applied science and technology still acts as an
ineffective corrective to older entrenched scientif-
ic traditions.

10
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with one another. The coupling processes must ac-
cordingly be organized "so a% to achieve a fast and
effective flaw of scientific and technological ideas
into industry and an equally fast and effective coun-
terflow of orders from industry to science." Only by
building better structural crosslinks can production
be made "to soak up nes; sciehtific ideas like a
sponge."22 While the iateracti.ons between science
and industry have indeed become more direct and com-
plicated in recent Years* organizational and motiva-
tional bonds have not yet been formed that are capa-
ble of breaking down the barriers separating these
two worlds.

The strong military orientation of scientific R&D,
along with the secrecy that surTounds it, has con-
tributed to the underdevelopment of industrial tech-
nology. Much like the United States, the Soviet re-
gime has spent enormous sums oa defense, aerospace,
and t uclear R&D while uuderinve sting in industrial
R&D. Nor has there been any substantial spin-off
from these national security and high technology re-
lated projects in terms of civilian applications to
natior-11 needs and improvements in the quality of
life. The resulting pattern has been a high con-
centrat4 :n of talent and money 14 defense and space
and a seT:lously distorted deployment of S&T resources.
This pattern is not new to the Kremlin. A Preoccupa-
tion with defense technologY and the political-mili-
tary orientation of the state..41rected effort are
deeply rooted in Russian history. From the time of
Peter the Great Tsarist goner eats were interested
in applying technology largely to military purposes.

Still another thread of continuity in the Russian/
Soviet complex of science and technology deserves
mention: the role of esternal influences in Russia's
development. Throughout its history, Russia's scien-
tific and technical ties with foreign countries, es-
pecially the Western world, have been limited and in-
termittent, if at times quite energetic. Internal
regime attitudes, Tsarist and soviet, have fluctuat-
ed between two extremes. At ties the government re-
sorted to artificial and imposed isolation. At other

12

6



times, it actively sought international cooperation
and exchange. Since Russian science was tradition-

ally in advance of Russian technology, the breakdown
of foreign contacts tended to intensify, in particu-

lar, Russia's technological lag.23 Consequently, the

government would periodically rely upon heavy doses

of imported foreign technology to strengthen its mil-

itary power and to help overcome Russia's economic

and technological backwardness. From this perspec-

tive, Moscow's intensified efforts in the 1970s to

expand scientific cooperation and technology trans-

fer, especially with the nations of Western Europe

and the United States, should be seen as part of an

older tradition and development strategy.

TWO SYSTEMS FOR GUIDING TECHNICAL PROGRESS

As a result of the particular course followed by

the Soviet Union in science, technology, and economic

growth essentially two systems have evolved for guid-

ing technical progress. The primary line of influence

is the basic economic system. This structure was cre-

ated in the prewar years and evolved in response to

the demands of rapid industrialization. Science and

technology did not provide the principal motive force

for its operation. Bearing a strong anti-innovation
bias, this system remains fundamentally oriented to

the expansion of existing patterns of production and

technology. A secondary line of influence is exer-

cised by a special set of structures and mechanisms

which began to take shape around the mid-1950s with

the burgeoning growth of the Soviet R&D effort. This

supplementary system attends to the problems of sci-

ence and technology policy and performance. Accel-

eration of the rate of innovation is one of its main

goals. Each system has its own plans, budgetary

practices, incentive schemes, and integrating admin-

istrative organs. Typically, however, there is lack

of coordination between the basic and supplementary

systems. Indeed, they frequently work at cross pur-

poses to each other.
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In general, the focus of Soviet S&T policy in the
1970s centered largely on how to improve these two
guidance systems. As regards the supplementary ma-
chinery, some elements are still lacking. Among them
are effective procedures and organizational solutions
for creating and applying new technology that involves
the joint cooperation of multiple ministries and agen-
cies. Second, some elements of the supplementary sys-
tem, such as the policy of pricing new technology,
need to be improved. Third, the separate parts of
this system are not well coordinated. Finally, the
supplementary system for scientific research, devel-
opment, and innovation needs to be better integrates
with the general system of economic planning and man-
agement. Controversies abound over how to solve
these problems.24 As yet, no grand systems solution
has been found, though the search goes on. We can be
sure, then, that these issues will continue to occupy
a prominent place on the Kremlin's S&T agenda for the
1980s (see chapter 12).

In sum, these are some of the basic features and
underlying traditions of the contemporary science and
technology establishment in the USSR. An awareness
of them adds to our understanding of particular So-
viet patterns and problems of organizing, planning,
and managing R&D, which are discussed in more detail
in the following pages.
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VIII THE ORGANIZATION OF R&D

OVERALL STRUCTURE AND INSTITUTIONAL SETTING

In keeping vIth the Kremlin's basically central-
ized approach to sc;:ence policy, the organization
and conduct of R&D the USSR are highly structured
along strong hierarchical lines. Soviet authorities
attempt to plan and manage the research-to-production
process as a single unit. Accordingly, the institu-
tional structure that has been created to promote the
process is regarded as an integrated "organizational
system" with relatively detailed formal roles and re-
sponsibilities assigned to the vast array of individ-
ual actors and special agencies that make up its con-
stituent parts.

Generally speaking, as many observers have noted,
'the overall institutional framework resembles the in-
ternal organization of a large business enterprise
that operates on mainly three levels (Figure 9-1). At
the top or apex of the pyramid is the corporate "head-
quarters" that includes the chief executives and their
main staff assistants and offices. Their task is to
develop broad strategy and to set organizational pol-
icy and procedure. In the USSR the central decision
making authorities include both Communist Party and
governmental units at the all-union or national level

. as well as the republic level. There a.:e also what we
may term "functional" agencies which are responsible
for the formulation, coordination, and monitoring of
policy in a given area for all establishments in the
economy. Most of these agencies are designated
"state committees" and report directly to the central
governmental policy-making organs. Such functions as
planning, finance, and supply are the responsibility
of bodies of this type.
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FIGURE 8-1 OVERALL STRUCTURE OF THE SOVIET SYSTEM
OF R&D PLANNING AND MANAGEMENT
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Below this top governing structure, on a second
level, are the specialized and relatively autonomous:
"product" divisions and "line" agencies which are re-
sponsible for directing all activities of a collec-
tion of performing establishments which operate in a
particular area. In the Soviet context there are
three such major divisions or institutional subsys-
tems. Each tends to concentrate on specific stages
of the R&D process. Academies of sciences special-
ize in basic research while industrial branch minis-
tries focus on applied research, design, development,
and production assimilation. The Ministry of Higher
and Specialized Secondary Education constitutes the
third performing network and includes universities
and independent R&D facilities. Such organizations
engage in fundamental or applied research, depending
upon the orientation of the facility or individual
researcher. Finally, at the base of the structure
are the individual units which actually conduct re-
search, development, education, and production ac-
tivities.

At each level operating policy tends to be set
with the direct or indirect participation of the
functional agencies in their respective domains. The
nature and role(s) of pertinent specific or generic
types of organs noted in Figure 9-1 are described
briefly in the following discussion.

To be sure, the highly centralized pattern of or-
ganization and conduct of R&D is the most distinctive
feature of Soviet science policy. This characteris-
tic also clearly distinguishes the Kremlin's approach
from the American format. However, our understanding
of the basic functioning and fundamental problems of
scientific RAP in the USSR will be imperfect if we
see only the dominant hierarchical lines of the for-
mal organizational blueprint.

Though strongly centralized, the Soviet system is
far from being a monolith. The institutional world
of R&D is, indeed, a highly com?lex and compartmen-
talized structure. Power is dispersed and authority
is divided among a myriad of organizational centers.
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In 1972, for example, nearly 140 ministries on either
an all-union or union republic level had under their
jurisdiction R&D establishments.1 This fragmented
administrative structure, in turn, influences--if not
dictates--the fundamentally bureaucratic character of
science policy making and implementation. Adhering to
the principle that "science cannot be administered
exclusively from a single center," Kremlin authori-
ties emphasize the joint realization of planning and
management functions.'- That is, the basic modus ope-
randi in Soviet R&D revolves around joint decision
making, power sharing, and cooperative actions in a
multi-organizational context.

To a large extent, the overall structure itself
generates certain "pluralist" forces and tendtmcies
in Soviet R&D. Though admittedly of a different kind
and degree than in America, organizational pluralism
exists and exerts substantial influence on the policy
process. The research-to-production cycle must pass
through a variety of decision paths and clearance
poiats. Disagreements and delays over choices and
strategies occur at every turn. Cooperation is
achieved and maintained with great difficulty. Noth-
ing works smoothly. Given this context, a heavy
burden ;.ails particularly on those agencies responsi-
ble for coordinating R&D. As the principal referees
and synthesizers, they are the ones whc must develop
and display effective managerial abilities in balanc-
ing mixed coalitions of opinion, criticism, and advo-
cacy in the pursuit of national goals.

While these behavioral features of Soviet R&D
planning and management are treated in more detail
in subsequent chapters, we mention them here because
they are largely rooted in and shaped by organiza-
tional factors. Moreover, structure per se is inher-
ently static. In any brief description of formal in-
frastructure it is easy to lose sight of the organi-
zational dynamics around which the whole machinery
turns.

It is also important to note that the Soviet S&T
establishment has evolved over several decades. There
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is no evidence that the distribution of power among
the central agencies concerned with administering R&D
has changed significantly during the last 10 years.
At the performing level, on the other hand, consider-
able experimentation and some change have taken place
in the organization of R&D in this interval. In gen-
eral, though, institutional continuity and stability
have been distinct hallmarks of Soviet science and
technology.

At the same time, science analysts and political
leaders in Moscow have begun increasingly to take a
second look at basic organizational approaches in re-
sponse to complaints that R&D institutions suffer
from too much stability, that they have become struc-
turally rigid and unresponsive to changing conditions
and new demands. Subsequently, some efforts are un-
derway to create new, or at least modified, institu-
tional arrangements and more effective organizational
forms linking and integrating the innovation process.
We return to a discussion of these contemporary or-
ganizational issues in the final part of this study.

For the moment, our task is to present the formal
organizational chart and to outline the main entities
managing and supporting Soviet research and develop-
ment. This panoramic sketch helps orient subsequent
discussions of the formulation and implementation of
R&D plans. The latter, in turn, provide explanations
of the terminology employed in the brief descriptions
of the roles of the participating organizations.

THE TOP GOVERNING MACHINERY

All threads of decision making in science policy,
as in other major issue areas, come together at the
peak of the Soviet political pyramid. Though power
tends to be highly concentrated, there is, even at
the top, structural and functional differentiation,
which is reflected in separate institutions charged
with executive, legislative, and administrative func-
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tions. Thus, the organization of authority continues
to take the form of an intricate, weblike structure
of specialized agencies, divided responsibilities,
and complex relationships.

Central Policy- Making OrKans
At the All-Union and Republic Levels

Policy-making authority is formally exercised by
three organs at the all-union and republic levels.
These are (1) the leadership elements of the Commu-
nist Party, at the all-union level the Central Com-
mittee and its elected Politburo and Secretariat;
(2) the legislative organ, at the all-union level the
Supreme Soviet; and (3) the Councils of Ministers.
The authority wielded by the Party derives from its
status as the only ruling party and sole repository
of legitimacy in the system rather than from any for-
mal responsibility within the Soviet governmental hi-
erarchy. The highest organ of state authority, as
specified in the Soviet constitution, is the Supreme
Soviet, while the USSR Council of Ministers, report-
ing to the Supreme Soviet, is the central administra-
tive organ of the government. There are counterpart
bodies for the Supreme Soviet, the Council of Minis-
ters, and the Central Committee of the Party in each
of the 15 republics of the Union* with the exception
of the Russian Soviet Federated Socialist Republic,
where there is no republic Central Committee.

This general tripartite division of institutions
and functions, however, should not be taken to imply
a genuine separation of powers or checks and balances
along American lines. In actuality, it has always
been clear that final authority in the USSR rests
with the Communist Party and its own executive ap-
paratus. The legislative and executive branches of
government are of secondary importance in the formu-
lation of fundamental policy, and, sometimes, in de-

*
These are the Russian, Estonian, Latvian, Lithu-

anian, Belorussian, Ukrainian, Moldavian, Armenian,
Georgian,-Azerbaidzhan, Kazakh, Turkmen, Tadzhik,
Uzbek, and Kirgiz Soviet Socialist Republics.
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ciding even operational questions. Though a more ra-
tional division of decision making responsibility has
recently evolved, the real political bargaining over
basic policy still occurs within the executive organs
of the Communist Party.

The Communist Party of the Soviet Union (cpst)

Although the Party has no formal responsibility in
R&D planning and management, the de facto authority
of the Party is extensive. The highest organs of the
Party--the Politburo and the Secretariat--generally
are acknowledged to be, respectively, the leading de-
cision-making body and chief executive arm in the So-
viet Union. The Politburo defines national priori-
ties and determines the broad contours of policy for
the economy, science, and technology. Directives of
the Politburo, in turn, are reflected in the policy
deliberations and formulations of the USSR Council of
Ministers; indeed, questions of fundamental impor-
tance are decided jointly by the Central Committee
and the Council and are published as joint decrees.
As evidence of the close working relationship between
the Party and government leadership elements, virtu-
ally all members of the USSR Council of Ministers are
also members of the Central Committee and, in some
cases, also of the Politburo.

The Central Committee Secretariat is the chief ex-
ecutive body of the Party charged with operational
coordination and day-to-day decision making. The Sec-
retariat reserves the right to intervene in the work-
ings of the ministries and other government agencies
to enforce priorities. Its Department of Science and
Higher Educational Institutions exercises broad over-
sight responsibilities in science-related matters. In
addition, this department has been a major training
ground f( high level science and educational admin-
istrators. For example, M. A. Prokofiev, the Minis-
ter of Education, was at one time its head as was
V. A. Kirillin, the Chairman of the State Committee
for Science and Technology. Other departments of
the Secretariat that appear to play important roles
in SST policy ar.t those of Defense Industry, Heavy
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Industry, Chemical Industry, and Planning and Fi-
nance. In general, though, our knowledge of the na-
ture and distribution of functions within the appa-
ratus of the Central Committee in this policy sphe.e
is very limited.

It is clear that considerable influence is exer-
cised by the Party machinery through its general '-on-
trol of personnel selection. All major appointments
in scientific and educational institutions are first
screened and approved by the Central Committee or its
local counterparts, depending upon the significance
of the post.

Below the level of the Central Committee, Party
organization to a Large degree parallels the organi-
zation of the government and economy. Party crgans
are established on a territorial basis (republic§
province, and city). Party cells or at least repre-
sentatives are also created in all significant per-
forming establishments. Down the hierarchies of pub-
lic administration, Party officials supervise and
penetrate the legislative and executive organs of
government, in a complex pattern of cooptation and
interdependence. A. principal reason for this kind
of organizational arrangement is to enable Party
authorities to monitor economic and technical plan-
ning and performance through channels independent of
the government hierarchy and, when necessary, to fa-
cilitate plan fulfillment with such measures as Party
assistance in resource allocation.

In general, Party organs have a pronounced impact
on science policy formulation and izelementation,
particularly at the highest levels of the Party.
While the informal or unstated nature of the impact
renders it difficult to document systematically, the
Party remains a potent force.

The Supreme Soviet of the USSR

The Supreme Soviet is the highest legislative body
in the Soviet government. About 1500 deputies are
elected to this "parliament," usually every five
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years, from among the "leading elements" of Soviet
society. As a general estimate, about 35 percent of
the deputies are "outstanding" workers and peasants
by occupation, 35 percent are Party officials and
government administrators, and the remainder are var-
ious kinds of professionals, including scientists and
engineers. Though membership in the Communist Party
is not required for election, about three quarters of

the deputies elected to the Supreme Soviet in 1974
were Party members. The internal organization of the
Supreme Soviet and the relationship of the Soviet to
the Council of Ministers is illustrated in Figure 9-2.

The Supreme Soviet generally meets in full session
no more than six to seven days a year. During these
sessions the deputies briefly discuss and approve
legislation formulated and presented by the Council
of Ministers and the Party Central Committee. Between
meetings, the authority of the Supreme Soviet is ex-
ercised by its Presidium. This body includes 39 mem-
bers: a chairman, a first deputy chairman, 15 deputy
chairmen (comprised of the chairmen of the supreme
soviets of the 15 union republics), a secretary, and
21 ordinary members. Of the latter group elected to
the Presidium in 1974, 11, including Brezhnev and 5
other members of the Politburo and Secretariat, were
members or candidates of the CPSU Central Committee.
The composition of the membership again shows the in-
terlocking character of Party and government authori-
ties at the top of the political command structure.
The Chairman of the Supreme Soviet Presidium, it may
be noted, is referred to as the president of the USSR.
In June 1977 Leonid Brezhnev assumed this post in ad-
dition to his position as General Secretary of the
Party.

In general, the Supreme Soviet has great constitu-
tional authority but little effective political pow-
er. While the Soviet is officially the head of the
government, the sessions of the Soviet are too short
to permit meaningful deliberation of policy. Its pri-
mary concern is to legitimize and propagandize poli-
cies made elsewhere.
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FIGURE 8-2 TOP LEVEL GOVERNMENTAL ORGANIZATIONS RESPONSIBLE
FOR SCIENCE POLICY MAKING IN THE USSR
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Source: "USSR Short Answers to US Questions Relating to USSR Research and Develop-
ment Planning and Management," p. 13.
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The de jure functions of the Supreme Soviet rela-
ting to R&D planning and management include discus-
sion and approval of national plans and of legisla-
tion regarding the organization of state administra-
tion of science and technology. Overall, the in-
volvement--if not influenceof the Supreme Soviet
in policy making may have increased somewhat in 1966
with the creation of permanett standing commissions
for such matters as education, science, and culture;
planning and budget; industry; agriculture; and
transportation and communir_ations. These commissions
have the formal authorlt: to do the following:

1. Supervise activities of organs of state ad-
ministration in appropriate fields

2. Make preliminary studies of appropriate sec-
tions of the national economic plan

3. Present findings on matters submitted for
their consideration

4. Initiate legislation and present it to the
full Soviet4.

The Council of Ministers of the USSR

The Council of Ministers is the most powerful or-
gan of state administration and the final authority
on the organization of Soviet ministries. Composed
of nearly 100 members, the Council includes the heads
of the most important government agencies, and ex of-
ficio, the 15 chairmen of the councils of ministers
of the constituent union republics. With the excep-
tion of the latter group, each member of the Council
is responsible for -dministering specific sectors of
the nation's economic, political, military, or so-
cial-cultural life. His administrative domain may
include, for example, a branch of industry; a nation-
al level or interrepublic service, such as the run-
ning of the railroads; a functional area, such as
planning or finance; o= such agencies as the Minis-
tries of Foreign Trade, Education, and Justice.
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3. The State Committee for Material and Technical
Supply (Gossnab)

4. The State Committee for Construction Affairs
(Gosstroy)

5. The State Committee for Inventions and Dis-
coveries (Goskomizobretenlya)

6. The State ComMittee for Standards (Gos-
standart)

7. The State Bank (Gosbank)

8. The Central Statistical Administration (TsSU)

Other minor agencies of the Council whose activities
relate to science and technology are:

1. The State Comm..Attee for Utilizat-lon of Atomic
Energy

2. The Main Administration for Geodesy and Car-
tography

3. The State Committee on Hydrometeorology and
Environment

4. The Main Administration of Microbiological
Industry

5. The Committee for Lenin and State Prizes in
Science and Technology

Given the unwieldy size of the Council of Minis-
ters, cohesion and coordination are provided by its
Presidium, a kind of inner cabinet. The Presidium
includes the chairman, two first deputy chairmen, and
about 10 deputy chairmen. Among the deputy chairmen
are the heads of four state committees which inter-
face most importantly with SST policy (the GKNT, Gos-
plan, Gossnab, and Gosstroy). The Chairman of the
USSR Council of Ministers is designated "Premter" and
is the effective, operational leader of the govern-
ment.
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The Council of MinisterIA, as the principal policy-
making organ of the government, has general responsi-
bility for organizing and administering all scientif-
ic, technical, and production activities in the So-
viet economy. As illustrAted in Figure 9-1, all
state facilities ultimat report to the Council.
Overseeing the critical planing function is a ma-
jor occupation of the Council. 2Tans for all sub-
ordinate organs and facilities are derived from the
national plan, which is inspired, prepared under the
guidance of, and approved by the Council of Minis-
ters. In the sphere of R&D planning and management,
the scope and breadth of the Council's ultimate auth-
ority are illustrated by the following Soviet enu-
meration of pertinent Council responsibilities:

1. General administration of R&D

2. Resolution of all questions concerning the or-
ganization and administration of R&D

3. Development of measures to improve the manage-
ment of R&D

4. Examinalon and approval of the "main direc-
tions" cif R&D

5. Establishment ofsprocedures for developing R&D
plans and for introducing research results in-
to the national economy

6. Development of the plan for S&T progress

7. Orgauizat ion of S&T information

8. Finance of R&D

9. Resolution of questions on wages and working
conditions of scientists and engineers

10. Training of scientific and engineering person-
nel

11. Resolution of questions about copyright, pa-
tents, and laws on invention and discovery.4
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USSR.
my of Sciences

Union Republic
Council of Ministers

111mw.

Union Republic -1
Academy of Sciences 1

USSR Ministry of Risher
and Specialised Secondary

Education

State Planning Committee
Union Republic

Union Republic Ministry f

of Risher and Specialized,.
Secondary Education

1---

Union Republic
Ministries, Agencies, and Committees
for Management of the Union Republic

Economy by Era:1mb -

Links between union and union-republic organs
of ad:ministration and the Academy of Sciences,
and organs of state administration in a anion
republic

Links between organs of state administration
at the all-union and republic levels

"USSR Short Answers ," p. 2.
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the words of one Russian critic, the whole decision
process becomes. "overloaded and frozen." According
to another, sm.ch_an. arrangement of structures and
functIOne contradicts the demands Loran optimal
system of SST planning and management.6

Functional Agencies Engaged in R&D
Planning and Management

The role of state committees and other agencies
depicted in Figure 9-1 essentially is to manage a
subset of policy mechanisms on behalf of the Council
of Ministers of the USSR and the republic councils.
Administration of branch scientific and production
activities, which is the responsibility of the min-
istries, depends upon provision of a number of com-
mon services, such as planning, finance, and supply.
The Soviet leadership has chosen to concentrate pro-
vision of these services in particular state commit-
tees and functional ministries. Of these services,
planning has the most immediate and widespread im-
pact. Agencies concerned with planning of R&D and
related activities are the State Committee for Sci-
ence and Technology, the State Planning Committee,
and the USSR. Academy of Sciences. Other agencies
manage complementary activities, such as finance and
supply, or specialized operations which support plan-
ning and management, such as the maintenance of stan-
dards. While there are few R&D and production facil-
ities administratively subordinate to these agencies,
the agencies have broad powers to establish proce-
dures and to issue binding orders on matters within
their competence. These orders significantly influ-
ence the operation of all facilities throughout the
Soviet economy.

The basic task of this network of functional in-
terbranch agencies is to coordinate the vast and di-
verse Soviet R&D effort. On paper, these organiza-
tions possess formidable powers to enforce central
priorities and to facilitate uniform S&T policies.
In practice, however, they frequently lack the auth-
ority and means necessary to perforM their integrat-
ing functions. Instead of regulating developments
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in their tangled branch constituencies, they are
themsel-les at times heing regulated and ignored. The
ministries do not always accept the recommendations
of these central agencies; instead, they pursue their
own ways and wishes

To be sure, the actual workings of this machinery
of coordination are much more complex than implied
by the formal organization chart. The key to under-
standing Soviet policies lies not so much in the
structure of Institutions as in the fundamentally bu-
reaucratic context in which they operate. The auth-
ority and activity of state committees are frequently
circumscribed. Caught in a constant cross fire of
pressures from competing and powerful organizations,
each promoting Its own interests and R&D goals, the
committees find themselves challenged and constrained
at every turn. Given the nature of their overlapping
and shared responsibilities for R&D planning and man-
agement, the state committees are frequently forced
to seek the approval of and some kind of accommoda-
tion with various branch ministries, government ge-
partments, and other state committees, not to mention
Party agencies. They are integral parts of a giant
maze of bureaucratic subsystems and circles of admin-
istrative confusion, rather than standing apart from
it. As a result the state committees are forced to
perform a continuous and difficult balancing act in
which national goals and priorities are reconciled
with the special interests of the numerous organiza-
tions that comprise and conduct the Soviet R&D ef-
fort. This process inevitably involves them in heavy
political conflict, bargaining, and compromise. Al-
though we still know little about the actual mechan-
ics of power and processes of negotiation within the
Soviet system, the reality of bureaucratic politics
and its imprint on science policy are unmistakable.

With these caveats in mind, we can now briefly
describe the formal functions of the major agencies
involved in :IAD planning and management at the cen-
tral level. Discussion of the Academy of Sciences is
taken up in the next section, as the Academy combines
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The GKNT, an all-union agency, was formed in 1965,
eplacing the union-republic State Committee for the
°ordination of Scientific Research. Other predeces-
or organizations of the GKNT performing a similar
unction were the State Scientific and Technical Com-
ittee (1957-1961), the State Committee for New Tech-
ology (1955-1957), Gosplan (1951-1955), and the
tate Committee for the Introduction of Advanced
achnology into the National Economy (1947-1951). Un-
il 1947 the planning of science and technology was

within Gosplan.9

The State Committee itself consists of about 70
mbers, about a third of whom are members of the
3SR. Academy of Sciences and other academies. Some
mernment ministers and prominent industrial leaders
It on the GKNT. Among the ex officio members are
ie President of the USSR Academy of Sciences, the
iairman of the State Committee for Standards, the
iairman of the State Committee for Inventions and
Lscoveries, the Minister of Higher and Specialized
tcondary Education, and a deputy chairman of Gos-
Lan. Some top executives from the Committee staff
Na also members of the GKNT. The State Committee,
such, meets only once or twice a year to consider

to main directions for the development of science
td technology as well as to approve the list of pri-
.ity R&D problems to be included in the five year
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The executive body of the GKNT is the Collegium,
composed of fewer than 20 members and chaired by G.I.
Marchuk, the Chairman of the State Committee. Be-
sides the various deputy chairmen, the heads of cer-
tain departments and divisions plus a few Academi-
cians make up the membership. The Collegium meets
weekly and examines all problems that come before the
GKNT. Though the Collegium acts as an advisory body,
its decisicms become decrees signed by Kirillin, and
its orders are followed by all departments of the
State Committee.

A simplified scheme of the internal organization
of the GKNT is presented in Figure 9-4. In addition
to various functional divisions charged with hand-
ling international liaison, information dissemina-
tion, science organization, and other tasks, depart-
ments have been established to monitor S&T develop-
ments in particular branches of industry, such as
chemicals and machine building. Functioning under
the GKNT is also an elaborate network of advisory
bodies which assist in the analysis of institutional
and policy problems of science and technology. Inte-
crrl to this special consultative machinery are more

-I scientific councils on major interbranch S&T
such as oceanography, new welding proces-

ses, and catalysis and its industrial utilization.
Some 5,500 persons participate in the work of these
councils, including nearly 160 academicians and cor-
responding members of the USSR and republic academies
of sciences, more than 1000 doctors of science and
about 1600 candidates of science.1° The councils
monitor and forecast developments in a particular
field of science and technology, and/or progress in
solving important, national engineering and economic
problems.

The GKNT, as suggested by the above description,
is the principal state agency concerned with overall
S&T policy and performance. While possessing limited
direct authority over the actual conduct of research,
development, and innovation, the GKNT exercises im-
portant guidance and liaison functions for other min-
istries and agencies in R&D planning, coordination,
and performance.
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FIGURE 8-4 STRUCTURE OF THE USSR STATE COMMITTEE
FOR SCIENCE AND TECHNOLOGY
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purce: Louvan E. Nolting, The Structure and Functions
of the U.S.S.R. State Committee for Science and
Technology (Washington, D.C., 1979), p.21.
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With respect to RED planning and interagency co-
ordination, the GKNT

1. Prepares S&T forecasts and approves procedures
for developing such forecasts

2. Draws up proposals for the main directions of
R&D

3. Drafts a list of major S&T problems to be
solved during the next five year plan

4. Cooperates with Gosplan, Gosstroy, and the
Academy of Sciences In developing proposals
for the five year plans for S&T

5. Cooperates with Gosplan and the Academy in
proposals for'introducing R&D results into
the economy.

TheThe planning and coordination functions are particu-
larly apparent on large, important projects which ex-
tend beyond the boundaries of a particular ministry,
i.e., so-called "interbranch" problems. Such pro-
jects proposed by the ministries or other agencies
are submitted to the GKNT for approval. The GKNT
controls an important share of the financing of such
projects and tries to settle disputes between parti-
cipating organizations. The State Committee also
oversees the implementation of these projects.

The GKNT also has a significant role in support-
ing and monitoring ongoing R&D. The GKNT works on
the development of indicators to measure S&T progress
and exercises control over development of the R&D re-
source base. It may decree the establishment or
closing of institutions, and it approves overall re-
quirements for machinery and equipment in the draft
enterprise plans. Together with Gosplan and Gossnab
it participates in supplying equipment to priority
projects. With Gossnah it plans the financing of
material and technical supply and finances the dis-
tribution of materials and equipment. In collabo-
ration with the State Committee for Labor and Social
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Gosplan has overall responsibility for the formu-
lation of economic plans which guide the activities
of middle-level management organs and their subordi-
nate facilities in pursuit of the objectives laiA_

down by the central leadership. Functioning essen-
tially as the "nerve center" of the Soviet economy,
Gosplan possesses considerable power over establish-
ments in every field. As a unionrepublic agency,
Gosplan's authority extends to activities throughout
the economy. A simplified internal organizational
chart for Gosplan is provided in Figure 9-5. Gosplan
maintains departments for at least 3a different
branches of the economy and also has departments con-
cerned with general policy matters.

One of the latter is the Department for Comprehen-
sive Planning of the Introduction of New Technology
into the National Economy, established in 1966. The
concern of this department is indicative of the ori-
entation of Gosplan in R&D planning and management.
While general R&D planning is primarily the respon-
sibility of the GKNT and of the Academy of Sciences,
Gosplan cooperates with these agencies in planning
the introduction of R&D results into the economy.
Specifically the pertinent functions oi'Gosplan in-
clude:

1. Collaboration with the GKNT in consideration
of large interbranch (interministerial) S&T
projects

2. Planning the IntrodUction of new technology

3. Consideration of the overall vol =...-re of capital
investmett for SAT
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4. Collaboration with the Ministry of finance
and the GKNT to determine the levels of fund-
ing for SST projects:

5. Collaboration with Gossnab on planning materi-
al and technical supplies for R&D institutions

6. Participation in developing plans for training
scientific manpower

7. Collaboration-with the State Committee on la-
bor and Social Problems and with the All-Union
Council of Trade UntonS on wages and working
conditions for scientific personne1.13

Overall, a major concern of Gosplan is the integra-
tion of technical plan targets with. Gosplan's princi-
pal concern, production plan targets.

The State Committee for Material
and Technical Supply (Gossnab)

In the Soviet 'Paton the allocation of commodities
is centrally planned in accordance with the output
targets specified by Gosplan. Supply of the most im-
portant articles is planned by Gosplan itself while
supply of the remainder is planned by all-union or
territorial organs of Gossnab, a union-republic agen-
cy. Inputs for industrial R&D are included in the
overall material and tc;..-LL.'-tal supply system, wille
special provision has beer made for acquisition of
inputs by Academy and university facilities.

Faciliti -s requiring inputs submit their requests
to Gossnab, manager of the material and technical
supply system. The transfer of items takes place
only when Gossnab issues orders for their delivery.
In general, Gossnab's authority is used to resolve
conflicting demands on supply and to balance the ma-
terial needs of producers and consumers.14

The State Committee for Construction Affairs
(Gosstro7)

Gosstroy, a union-republic agency, plans and mon-
itors capital construction and major renovation of
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facilities in the USSR. In S&T, Gosstroy develops
and implements uniform policies directed at acceler-
ating technical progress in construction to raise the
effectiveness of this branch of industry.

Specifically, Gosstroy is charged with identifying
basic S&T problems in construction, construction ma-
terials, and architecture; with developing plans for
research to address such problems; and with coordi-
nating the relevant R&D. Gosstroy's S&T plans are
developed in collaboration with the GKNT and minis-
tries as well as other agencies of the Council of
Ministers.15

The State Committee for Standards (Gosstandart)

Gosstandart, an all-union body, assigns and di-
rects work on the development of technical and eco-
nomic standards, approves new standards that have
been developed, and conducts statewide inspections
to assure introduction of and adherence to approved
standards.16 Recently, Gosstandart has become in-
creasingly coL,cerned with the elaboration of uniform
procedures for such activities as design and produc-
tion assimilation. The growing importance attached
to standardization relates to stepped-up efforts to
improve product quality as well as to economize on
design resources.

The State Committee for Inventions and Discoveries
(Goskamizch7etenlya)

The State Committee for Inventions and Discoveries
maintains the state register of inventions and dis-
coveries and seeks to promote innovation in Soviet
science and industry. Among the responsibilities of
the Committee are the issuance of "author certifi-
cates" and patents, the introduction of inventions
into the economy, and the protection of state inter-
ests in inventions. Scientific discoveries are recog-
nized through the issuance of diplomas. Author cer-
tificates, the most common form of recognition, dif-
fer from patents in that the rights to the invention
accrue to the state, rather than to the inventors.

44



The certificates give the inventors/authors public
acknowledgment, and if use of the invention or inno-
vation results in production cost savings monetary
rewards often are given to the inventors. i7

An important function of the Committee is the na-
tional dissemination of information about inventions.
This is accomplished through the Committee's Central
Scientific Research Institute of Patent Information
and Technical Economic Investigation and through the
journal Discoveries, Inventions, Industrial Proto-
types, and Trade Marks (Otkrytiya, izobreteniya, pro-
myshlennyye obraztsy, tovarnyye znaki) .

The Higher Certification Commission (VAK)

The Higher Certification Commission approves the
awarding of advanced degrees, makes all appointments
to senior academic positions, and selects _lie higher
educatiorial institutions for advanced training in re-
search. The Commission also has the authority to re-
voke degrees. The Commission is made up of profes-
sors, doctors of science, and members of the USSR and
republic academies of sciences. Since 1974 VAK has
been an agency of the USSR Council of Ministers. Pre-
viously, it was subordinate to the USSR Ministry of
Higher and Specialized Secondary Education.

THE THREE INSTITUTIONAL SUBSYSTEMS
PERFORMING R&D

Structurally, scientific R&D in the USSR is based
within three different instituticnal subsystems: (1)
academies of sciences; (2) Industrial branch minis-
tries; and (3) higher educational institutions or
VUZy. The terms "academy science," "branch sci-
ence," and "VUZ science" are commonly used in re-
ferring to this tripartite division of the research
sec zor. Indeed, Soviet science is divided predomi-
nantly along institutional and administrative lines
rather than according to different kinds of activity,
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such as "basic research," "applied research," or "In-
novation." The planning and financing of R&D are
also conducted primarily on an institutional basis
rather than by stages, projects, or programs.

Each of these subsystems has a distinct orienta-
tion. According to Nolting's estimates, fundamental
research is concentrated overwhelmingly in the acad-
emy system, which accounts for roughly 67 to 79 per-
cent of the total. About 10 to 13 percent is per-
formed in the VuZy and from 8 to 23 percent in branch
R&D organizations. The latter, however, conduct the
vast bulk (90 to 95 percent) of officially reported
applied scientific research and development. Only
about 5 to 10 percent of official applied R&D is done
by the academies of sciences and the VUZy together.18
Though the amount of R&D performed in the VUZy has
grown recently, higher educational institutions re-
main preoccupied with pedagogical functions. This
predominantly teaching orientation reflects the So-
viet pattern of research and education which has long
been based on a degree of separation of the two that
is much greater than in the United States.

In terms of expenditures and manpower, the academy
system employs 9 percent of all scientific workers
and receives 8 percent of official allocations for
R&D. Branch scientific institutions of all kinds
have 58 percent of the scientific workers and 80 per-
cent of the official science budget. Higher educa-
tional institutions account for 28 percent and 9 per-
cent, respectively. Only 3 percent of all scientific
personnel and 2 percent of official scieLLce expendi-
tures are concentrated in production enterprises and
organizations.19

Organizational dissociation and administrative
fragmentation are important features--and conse-
quences--of this tripartite division of the R&D sys-
tem. Each of these institutional networks is a re-
latively independent administrative hierarchy. Each
has its own distinct focus, set of interests, reward
structure_ and approaches to the R&D function. All
three subsystems, moreover, are separated generally
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not only from each other but from the world of pro-
duction as well. In short, structural features help
create and reinforce functional autonomy and nonin-
tegrative attitudes throughout the Sovie R&D commu-
nity.

The following sections present the composition and
organization of these three hierarchical subsystems,
and briefly describe the R&D planning and management
functions undertaken by the central management organ.
The structure and functions of a typical industrial
ministry are also outlined.

Academies of Sciences

The academies of sciences are prestigious organi-
zations composed of scientists and engineers who are
selected for membership in recognition of their pro-
fessional competence and achievement. There are
three types of academies--the all-union academy, re-
public academies, and branch academies. Subordinate
to each academy are a number of institutes, .abora-
tortes, observatories, experimental stations, librar-
ies, museums, and research ships. Most are organized
around scientific or technical disciplines. As a
rule, academy institutes tend to concentrate on fun-
damental research and generally constitute the lead-
ing Soviet facility in the particular scientific
field.

This scientific leadership is particularly true of
the facilities of the USSR Academy of Sciences. The
internal organization of this Academy is illustraced
in Figure 9-6. All full and corresponding members
constitute the General Assembly of the Academy. Be-
tween sessions of the General Assembly, a Presidium
consisting of elected full members of the Academy
(Academicians) administers the Academy's affairs. The
Presidium supervises 16 discipline-oriented divi-
sions. These divisions oversee the activities of the
Academy's research institutions. Between sessions of
the Assembly, each Division is run by a Bureau headed
by the Scientific-Secretary of the Division. Members
of the Bureaus and the directors of research insti-
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FIGURE 8-6 STRUCTURE OF THE USSR ACADEMY OF SCIENCES
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tutee are elected by the Assembly of the Academy.

The institutes of the Academy tend to be centered
in Moscow and in the Leningrad and Novosibirsk Divi-
sions. However, the Academy has established a number
of affiliates and scientific centers to promote the
scientific and economic development of various re-
gions. Their expressed purpose is to advance sci-
entific progress on specific topics of more local im-
portance so that the area can develop economically.
The Soviet Academy has affiliates and centers:
Bashkir, Dagestan, Karel.lan, Kazan, Kola, Komi, the
Far East, and the Urals. Each affiliate or center is
managed by a presidium, consisting of heads of insti-
tutes and affiliate subdivisions, plant managers, and
representatives from higher educational institutions
in the region.

The Siberian Division of the Soviet Academy is
unique in the Academy system. Unlike the discipline-
oriented departments, it is governed by its own gen-
eral assembly and presidium. It is administratiely
subordinate to both the USSR Academy and the Council
of Ministers of the Russian Republic (RSFSR). Funding
is provided by the RSFSR, which has no republic acad-
emy of its own. Thus, the Siberian Division has a
certain measure of independence vis-a-vis the Soviet
Academy. The principal facilities of the Siberian
Division are located in Novosibirsk in what is known
as Akac..emgorodok, or the Academy City.

The republic academies are dually subordinate to
the USSR Academy and to their respective republic
councils of ministers. Funding and administrative
supervision are the responsibility of the councils
of mints:,,rs; technical and functional supervision
is provided by the USSR Academy.

The republic academies are more oriented toward
solving industrial problems of their respective re-
public than is the Soviet Academy. To avoid dupli-
cation of effort, republic academies tend to be some-
what specialized and limited in scope. In a number
of cases, however, the institutes of republic .cad-
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emies are on a par with those of the USSR Academy,
and some, like the Paton Institute of Electric Weld-
ing of the Ukrainian Academy, are recognized as the
leading Soviet institutions in their fields.

Despite efforts to decentralize and disperse sci-
entific resources, however, Soviet science remains
highly concentrated in a few large urban centers.
Moscow alone boasts one-fourth of all scientific
workers, 34 percent of all doctors of science and 26
percent of all candidates of science. Here also are
the most qualified researchers: 45 percent of all
scientists with the title of professor; 72 percent
of all full members and 64 percent of all correspond
ing members of the USSR Academy. In just three cit-
ies--Moscow, Leningrad, and Kievare concentrated
one fourth of all scientific institutions, nearly 40
percent of all R&D being performed in the country,
and more than 45 percent of the total allocations to
scientific research and development.20

Finally, in addition to the Soviet and republic
academies of sciences, there are several specialized
branch academies under t_he ministries of their re-
spective fields. Some significant research facili-
ties are subordinate to these academies, particularly
in biomedicine. The specialized academies of inter
est in R&D planning and management are the Academy of
Medical Sciences under the USSR Ministry of Health,
the Academy of Agricultural Sciences under the USSR
Ministry of Agriculture, and the Academy of Pedagog-
ical Sciences under the USSR Ministry of Higher and
Specialized Secondary Education. It may be noted
that the branch academy system was considerably re-
duced in the 1960s and many of its institutions
transferred to the republic academies. Table 9-1
supplies data concerning the size and composition
of the all-union, republic, and branch aL_demies.
Table 9-2 provides data on the scientific centers of
the USSR Academy of Sciences.

The planning and managerial authority of the USSR
Academy in fundamental research is extensive. Report-
ing directly to the USSR Council of Ministers, the



TABLE 8"1

USSR, UNION REPUBLIC, AND BRANCH ACADEMIES

OF SCIENCES (at the end of 1976)

WITH

NUMBER OF
ADVANCED DEGREE!

FULL AND NUMBER OF NUMBER OF DOCTOR CANDIDATE

YEAR CORRESPONDING SCIENTIFIC FULL-TIME OF OF

ACADEMY FOUNDED MEMBERS INSTITUTIONS SCIENTISTS SCIENCES SCIENCES.

iftiliinalliliMENSIIPMINIOMIN1110111111=FIMMIPPIMMIMMEr

vi USSR

Academy of Sciences 1724 733 244 42,951 3,943 18,785

Ukrainian SSR

Academy of Sciences 1919 300 70 12,250 904 5,7,3

Belorussian SSR

Academy of Sciences 1928 126 32 4,736 187 1,336

Uzbek SSR

Academy of Sciences 1943 92 30 3,545 189 1,509

Kazakh SSR

Academy of Sciences 1945 129 31 3,736 183 1,541

Georgian SSR

Academy of Sciences 1941 106 38 5,356 344 1,778



TABLE 8-1 (continued)

Azerbaydzhan SSR

Academy of Sciences 1945 102 28 4,242 249 1,704

Lithuanian SSR

Academy of Sciences 1941 49 11 1,555 60 724

Moldavian SSR

Academy of Sciences 1961 41 19 895 59 521

Latvian SSR

Nj Academy of Sciences 1946 51 16 1,688 76 744

Kirgiz SSR

Academy of Sciences 1954 44 18 1,460 68 515

Tadzhik SSR

Academy of Sciences 1951 46 17 1,262 51 512

Armenian SSR

Academy of Sciences 1943 88 31 2,898 182 933

Turkmen SSR

Academy of Sciences 1951 46 14 883 40 410

Estonian SSR

Academy of Sciences 1946 42 13 952 63

EG



TABLE 8-1 (continued)

USSR Academy of Art

AllUnion Academy of

Agricultural Sciences

1947 127 4

c
349 16 131

imeni Lenin 192 9 203 169 11,315 497 5,660

USSR Academy of

Medical Sciences 1944 254 42 5,488 929 3,262

USSR Academy of

Pedagogical Sciences

b
1943 127 14 1,687 128 809

RSFSR Academy of

Communal Economics 1931 5 428 10 206

a
The Academy opened in 1725

b
Until 1966, The Academy of Pedagogical Sciences RSFSR

c
Including 2 VUZy

Source: Narodnoye khozyaystvo SSSR za 60 leq yubileynu statisticheskiiez1(

(The National Economy of the USSR for 60 years: Jubilee Statistical Yearbook)

(Moscow, 1977), p. 144



TABLE 6-2

REGIONAL AFFILIATES AND SCIENTIFIC CENTERS

OF THE USSR ACADEMY OF SCIENCES

(at the end of 1976)

HUMBER

OF

INSTITUTIONS

WITH

NUMBER
ADVANCED DEGREES

OF DOCTOR CANDIDATE

SCIENTIFIC OF OF

WORKERS SCIENCES SCIENCES

Siberian Division of the

USSR Academy of Sciences

Including Affiliates 49 6,289 436 2,982

Buryat 4 285 15 145
Eastern Siberia 9 1,068 53 49
Yakutsk 6 511 20 220

Scientific Centers of the

USSR Academy of Sciences

Far Eastern 19 1,976 78 762

6



TABLE 8 -2 (continued)

Urals 13 1,179 102 698

Affiliates of the USSR
Academy of Sciences

Bashkir E 501 30 219

Dagestan 4 363 12 151

Karelian 8 360 17 187

Kola 8 763 15 225

c.n
ul

Komi 4 307 9 124

Kazan 5 517 31 256

Source: Narodnoye khozyaystvo SSSR za 60 let; yubile) statisticheskiy yezhegodnik

(The National Economy of the USSR for year:,: Jubilee Statistical Yearbook)

(Moscow, 1977), p. 145.
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FIGURE 8-7 ORGANIZATION AND MANAGEMENT OF R&D
IN A UNION LEVEL INDUSTRIAL MINISTRY
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Sand Produce on
Piano

DAD. Prodoccion and
Dosign Organic= ion

of 3sad ?Lane
I

316D. Produccioa mod
Design Orposicat

of mho PO

SAD. Production and
Design Organisations

of tea PO

Source: Adapted from "USSR Short Answers," p. 44
and Eugene Zaleski, "Planning and Financing
of Research and Development in the U.S.S.R.,"
in John R. Thomas and Ursula M. Kruse-Vau-
cienne, eds., Soviet Science and Technology:
Domestic and Foreign Perspectives` (Washington,
D.C., 1977), p. 304.
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TABLE 8-3

DISTRIBUTION OF SCIENTIFIC WORKERS BY BRANCH OF SCIENCE: 1973

(SCIENTIFIC RESEARCH
INSTITUTES AND HIGHER EDUCATIONAL INSTITUTIONS)

Modes of Wows

Met of
Westin,

.112 /111 ond
VVZ Ytth AdrencodDE nrr

Doctor, Candidate

of of

Sefton ?want Sciences hreent

Nuke of MOr

Went 1 f lc Doctor

7tecillr./ of

;iodate 5elanete fuck

and

of

Se Itneee went

1!tleies141etkietleol
0112 260 7.3 11403 23.5 46499 1216 LI 11311 26.3

Niles! 45815 1)20 7.9 13284 25.0 15111 556 ).1 )940 39.0

11ologleel
31342 7410 C6 17182 16.0 11196 149 7.1 9312 47.9

Ceololy and 111wrology 10341 1415 5.2 1141 38.1 3779 333 C 8 In) 45,9

'Whales!
40410 4138 1.1 3312 15.5 12058 737) 2.1 29010 31.1

Agrleidtert and

'wigwag Medicine 35446 1348 3.8 4511 41.1 9162 791 8.1 5107 53,8

Eatery sod ThIlotophy 37111 1681 4.3 11047 40,5 23178 886 3,1 10908 41,0

females
37518

1.4 1490 25.9 22011 319 2.4 8410 38.5

?1alolo8y
41111 882 1,1 1/10 19,1 41416 510 LI 6814 16,6

Ceopephy
1141 341 4.7' 2678 36,9 1611 148 3.2 1141 43.2

glifliptdioto
4165 26) 7.1 VII 49.9 1143 141 8.8 1446 57,8

hislog7
21113 159 0.5 4411 14.4 21501 94 Q.4 3789 14.1

14tdielat sod tlferalcy 49957 5011 10,0 185)9 57,1 24607 2511 1,1 14111 51.3

An
12182 1)9 1,1 1161 10.3 1958 70 0.6 701 1.1

Archltretvet
2590 It 2,3 811 31.4 MO 33 2.5 411 3'.3

?iyekeloty
1924 100 5.1 741 39,9 1228 45 3.9 321 47,4

Oder
30113 321 1,1 5527 11.0 11358 231 13 3113 19.2

facet
427709 11116 1,5 224490 14.1 341872 1164) 3,3 11104 31.8

Source: B. M. Remennikov,
Vysshaya shknla v slsteme vosproizvodstva

rabochey

sily v SSSR
(Moscow, 1973), p. 155.
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FIGUR2 8-8 THE ADMINISTRATIVE
NETWORK OF THE USSR MINISTRY OF HIGHER

AND SPECIALIZED SECONDARY EDUCATION (MinVUZ)

MinVUZ USSR-1
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Source: "USSR Short Answers," p. 46.
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research institutes do only design or
prototype work and no research, others
do only research and no development,
some research institutes concentrate
almost entirely on experimental testing
or assisting industrial plants in in-
novation, and many design agencies have
large research subdivisions, some of
them operatins primarily as research or-
ganizat lons.24

At the same time, S&T activity is becoming stead-
ily integrated with industrial production. Organi-
zational dissociation of functional performers is in-
creasingly giving way to new, more integrated struc-
tures, like the associations. The whole organiza-
tional edifice, particularly at the lower levels, is
in motion. This point should be kept in mind when
reading the following descriptions of the basic units
performing R&D.

Research Institutes

Basic and applied scientific research and a number
of design tasks are accomplished at institutes under
academies of sciences, MinVUZ, and the branch minis-
tries. While some institutes are quite small with no
more than 40 to SO persons, others are major research
organizations with several hundred, or even thou-
sands, of scientists and engineers. Institutes vary
widely in the presence or absence of design, techni-
cal drafting, and testing facilities. Some research
institutes are "broad-profile," engaging in all stag-
es of R&D, and others are "specialized," limited to
applied research, to development, or to testing pro-
totypes. Some also act as "head" institutes deter-
mining technical policies and research assignments
for a group of institutes, and others operate inde-
pendently or subordinately.2'

The internal structure of a typical research in-
stitute of the Academy of Sciences is depicted in
Figure 9-9. Similarly, Figure 9-10 provides an over-
view of the organizational structure of a research
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FIGURE 8-10 ORGANIZATIONAL STRUCTURE OF A RESEARCH INSTITUTE OF AN INDUSTRIAL MINISTRY
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Institute attached to an industrial branch ministry.
In general, the structural format cf an Academy in-
stitute is leas complex than that of a branch insti-
tute. The Academy system as a whole, in fact, is
less bureaucratically organized and run than the R&D
subsystem of the ministries.

Design Bureaus

Desigr nd development engineering tasks are car-
ried out z.y organizations known as design bureaus or
institutes. The design bureaus range in size from
small groups within production enterprises to large
independent organizations of several hundred design
engineers and technologists known as experimental
plants. While some design facilities limit their
work to designing new products and machines, others
build and test prototypes as well. Still other or-
ganizations are primarily engaged in process design-
ing, or designing of machinery and installations,
and development of processes for the manufacture of
new products or the modernization of production.
They are variously titled design-technological bu-
reaus, project-design and technological 7Ju::7.aus, or
scientific research project-technological ins,.4tutes.
In addition, there are so-called project institutes
that specialize In the designing and planning of new
plants or renovation of old enterprises. Although
scientific research is conducted at design bureaus,
it is of secondary importance to work on product and
process development and the building of prototypes.
Some design bureaus, however, do extensive industri-
al research and are often indistinguishable from
research institutes.26

Higher Educational Institutions

Most educational institutions conduct research of
some kind. These Include (1) comprehensive univer-
sities, such as Moscow State University, where a
broad curriculum of natural sciences and humanities
is offered; (2) higher schools such as the Bauman
Mosccw Higher Technical School and the polytechnic
institutes, where a variety of engineering courses
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FIGURE 8-11 ORG:IZATION AND MANAGEMENT OF R&D
IN A =HER EDUCATIONAL INSTITUTION (TUZ)

Administrative
Divisions
of :tie VUZ

Rector

Scientific Research
...aboratories of the VT=

Learned Council
1 of the 17C4:

Deputy Rector
for RAD

I
Office of the
Deputy Rector

Scientific Research
Institutes of the VUZ I

L
1 Other Facilities!

1 Deputy Dean of Dean of the
; the Faculty

f--1
Faculty

1 for R&D

Faculty

Faculty Learned 1

Cooaeil

Scientific Research
Laboratories of the

Faculty

Other Departments Department

[ Seed of the
Department

Scientific Research'
Znatitutes of

Faculty

Scientific Councill
of the Department

Problem Scientific
Research Laboratories

Branch Scientific Reseerch
Laboratories

Source: "USSR short Answers," o. 88.

69



may be pursued; and (3) a large number of specialized
single-curriculum institutes such as the Leningrad
Institute for Aviation Instrument Construction and
the Mendeleyev Moscow Chemical Technical Institute.
The institutes concentrate on applied research, most
of which is funded through contracts with industry.
University research generally is conducted within de-
partmental structi.l.es by an individual professor; but
in some universities special scientific research in-
stitut_ts have beer. formed.

Figure 9-11 presents a generalized organizational
chart of the administration of scientific research
work in VUZy. As the chart illustrates, a VUZ sci-
entific research iustitute may be subordinate to a
related faculty of the VUZ or to the VUZ as a whole.
The research laboratories may be similarly subordi-
nated. VUZ labs may be branch laboratories or prob-
lem laboratories. The former conduct researr:: an
industrial organization's needs for new matezials,
processes, and equipment, whereas problem lal)orato-
ries are created for the execution of major scien-
tific, engtriee-L.i.g, and experimental design pro-
jects. In VUZ3 =nder the USSR Ministry of Higher
and Specialized Secondary Education at the end of
1971 there were 55 scientific research institutes,
419 problem laboratories, and 528 branch laborato-
ries.27

Industrial Enterprises

An enterprise is a legally independent entity corgi
cerned almost exclusively with production. It has
its own technical, production, and financial plan
(tekhpromfinplan) containing production, organiza-
tional, and technical chapters and targets, in
principle well integrated. It has its own assets,
including working capital. When on an independent
balance sheet, it has an account in the State Bank.
It most frequenzly includes a single plant.

The term enterprise (predyriyatiye) is alEo a ge-
neric term that cov-,rs a number of form cif produc-
tion organization. One is the plant (zavod), which

L. 4 70



1+4

0

U)

cd

5

N
r1
0

5

4.)
r-1

0

tJ

u)

I-1

4.1

0

r-I

4.1

(t)

0
(:)

'H

0

U)

1

r4

4)

1.4

Cd

0

44

0
*r4
4.)

U

0

04

44 '1:1 1)4

N 0 a)
4.4

44 to 01
N c r-I r-4

.4 a) 0

0 0 a)
r4 0) ?) 14H.
4./ 0 r4 4) 4-1

1-1 ed 4 0
60 01 4-1 0

T4 r4 .14

r4 f
CIS 0 *0
r1 H 0
4-/ 0 0 .-`4

44

U) d.0 4
IJ .4 () 4)

a) 0 g
cd 4-4 U
H .0
04 4-1

od

r-1 0 0
14 0

/4 0 N rti
0 ,r1

4-4 > to cd
10 0 0

?% 0) V) 'H
r-4 tit)
.44 M r4 r-f

b0 4) rl
*H

41 3 4.) u

U)

0
0

ro
5

.4

0

U)

4.) 4) 1 4)

ri.4 Cl) i-9 "
I-1 4'4

n
a.) t-4 N o 4

0 0 0 (0 1 : 1 40,44
1/) 1-1 0 Cd 0

Ul U) 44 a) to 14

u) w 03 0 CO 4.)

ra 41 41 0U) 0 0
0
0

0
4!)

Cd 0 CU 0 I-I0 4 o o r1 b0
44 r1 44 N

U) 11 0 3 0) 0)
4J4.1 -0Ucd 111 ,--4 1-10 0 0 I U 4.) 00 0 a) 8O cd

0 brI a) rti H 4-) 0 0)
r4 r1 0 .ri 4-1

0. 'H 1-4 1 4) 4.1 0 0 V) H 14

14 4.4 0 .0 V)

0 4) 44
0.

4-1 'H '0 4) M
0

o 4.4 >1 0 4-4 N 4-) 'Ti
(.0 41 )4 0 .r1 4-1

4.1 W 0 j5.1 4-1

1-1 LA 04 4.1 ai rt$
0 >1 PI (30 H 4-4

}.4 1 cd U 4 4,1 *r1 0
ro

v1 u fl.r1 00000
r1 U 44

0) El r-1
14-1

(/) 0 1 4

u) W 4-1 1-1 IV * -I 0 't1u 4 0 0 0 * 04 U Pi

rl

4) 0 0
4.) 0 Cl) o 04 Pi 5

a) 0 r1) (I 4.) (44 (a 4
tO u 4 0 op: to4icli.40(04Jalmw ra

H 0 Ctl *H Ei *ri H
-1 H U

4:43 H )4 4 41 0 44
0
0

(4) r)( 4)
cd Cd frq 0 /4 .0

Q11

4
114

'H
(i)

03 co a
a)H 0

4-4

.r0 0i V/ 4) 0 14
(1) r-t

'H 4 4.4 U (0 r)
(11 fl 4J004)

rid El 1-1 0 al I-I 0
44 4) 0 *1-1 'r4 H 4.4 Cd 411

0 8 41 U) 4-4 4.1 M 04 V) U 1.44

(1) 1

u)
03

O 1-14 004 4-)0

U) 0 04 0
0) 0b

0) (0
(0

4-1 14

1

1-1 ())

a) ro r.-1

4.)

0 0 (4 4)

o (1)

4
44

orl (11 0
1.1 '1/41 14

fa, 4-J 41/

14 0 4-)
al 41

0 0 U) 4.1

0 60 '
H
H

(0
0 14 H

0E Cd

4) 4.)
r4

*r1 0 041 000
U0 0

41 0
0

U
r0 I-1 M

U (0
c4 W (.)

a) 0 .r.1 0
5

4,/ 0
0

U U
or4 4)

>1

TS

4-I .0

0 0
0 4-1

4.1

11) 0
14

(0 c.)

0
4.)

40)

0
0

4-1

N

0

60

U)

4)

a)

4-)

411

4-)

U)

0
4)
tr)

H

0
0

0.1

4-1

0

r-4

P0

4-4

0

4.)

a)

'Ti

,J

44$

0

4.) I

b0 'd 1.4 El
040

H
0

a) 4-)

14 4-1

0 (0
0 0

0
0, CO

0 4 '1.1 .r1
04-1

.r1 4-1

0) 0.. A)

ti .r4
r4 1-4

0
0 44 id 4-1

U
14 ?-1

c1 1.4

0
)-4

0a)
(.1 u) 14 0

0 a)

rti

1J
4) El 1I 4

0 0
0

fa
0 4$.1-4 N

--1 (n

X 0 H 1)
0 0 0

n
(1)

a+NGro
H rl

r1
11) 04

C0

(f)
.4 a) (0

U

(1) g

4)4) ai°

I-1 a,
1-4 o
U

4 I
4.) 4

0
>, H

4 0 N H
4 4.)

ri N H 0 cd
U 0
ro (34 4-1

.4 W

4) 4-1 P.1 0 44
4r1 4..) C.) 0

r1
Nr40U)

H 0 r1 U /4
0 44 .0 0

41-I cd

4.) U
(f) 4.1 > a)

tr) 4-4 4-) 1.4

0 0 0
4-) 0 14
cd 0 11 H
U 4-)
.ri
rti 144

0 0 "A
r-4 ti 0 P.

0
H 0

00 1-4

N
V) U 4r1

(f) 4.4

U
04 4.)

:0
(..) 0
0 4 A 0 C
(f) 1.1 (.) ,4

-1

-1 1-1

n-1

A W 4
0

H
0 0 0

0 *r-I
*r1 pi 0 0 U

4..) 4.4 0
0) 0) )4 El

00000
0 14 ccl 0
-4 gi 41) u
)4 4
o

H '0
t.) 4 4) 0 .0
'H

1

(1) (1) PHI I 1-1

.0 4) 4 4.)
1

14

4-1

(I
44 0 4-1

-1 0)
14 V) 4)

0
60 0

44
b

.0
OJ r-1 b0 '0

0
4-)

1-1 C0

0
0 fl

4ra, .ri H
0

4-1 4
Cr) 0

U 0 n4 H 144 (1 4.)

0 0 44 0ri r4 I 4
14 (I) 0 4) e) H (tio o
.1-4 0 0 4-1 CIO (11 1-4

,rc) a) .4 r,
H 14 14 U
0 0) W U)

En Ad JD 04 0) "13

kido4.34-1(0
N 0 0 0

4J

0 0
0) 0

"0
c4 riu) .4 1-3

,-'4 4 0 o 0
4-1 H (.) b H

t11 4-4 1 H 0 O
4 4-1

4-) H 0
4--) 4

)-4 re U) 4 4-1 4-1

rd 4 br)
0 (a A u) 0 A,
0 H *0

14 .0 4) U 14
00411 4J00300)

0 04
'H
0 0 '0

/-4HH 4.1 ' r-1
/

4-1 0 .4 1.4 0.1 et,
al 14 H 4-4 4.1 4-1 4J Cd

14 bi) rt) .1 1-4 'r1 0
Cl) 0 0 0 0 1.-1 (.1 I-1

ro 0 a) 1.4 4-1

0 01 n-1 (I 0 4) r-1
"0 N '1 0 (13

1-1 111 011
4.1 0 14 u) cd 1-4 0 4 4.)
Oc.)0)4-itri OLIO
a) U 04 0 1-)

ca

0. w
H (0 0 et 0 U U



FIGURE 8-12 OZANIZATION AND MANAGEMENT OF R&D IN AN INDUSTRIAL ENTERPRISE
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In general, "factory science" has not been a prom-
inent feature of the Soviet industrial order. Histo-
rically, the organizational approach has emphasized
the separation of industrial research from production
as well as the centralization of R&D forces in insti-
tutes designed to serve the needs of the branch as a
whole rather than of individual enterprises. Conse-
quently, most enterprises lack adequate in-house R&D
facilities. The enterprise-level R&D system of fac-
tory laboratories, design offices, experimental shops,
and other scientific subdivisions serves primarily
the needs of current production. In fact, enterprise
scientific subdivisions are not classified under the
"science and science services sector" category of
economic and Social organizations, and their activity
is not included in the national plan section for fi-
nancing research and design work. The organization
and stru-tture of technical management within a typi-
cal enterprise is presented in Figure 9-12. In many
instances, ho;ever, the enterprise R&D system does
play a vital role in the application of new technol-
ogy, in the creation of new products and processes,
_he improvement of product quality or production ef-
ficiency, and the maintenance of quality control or
technological control of operations. 28

Associations

Production associations (proizvodstvennyye obyed-
ineniya--POs) and science-production associations
(nauchno- proizvodstvennyye obyedineniya- -NPOs) are
two entities replacing the independent enterprises
as the basic units of industrial organization. Even-
tually, almost all of Soviet industry will be con-
verted to the associational form of management. By
the fall of 1976 there were more than -000 POs in
industry. Though they incorporated less than 10 per-
cent of all enterprises, production associations al-
ready accounted for nearly 40 percent of total in-
dustrial output. At t a same time, NrOs--a more se-
lective form of organization--numbered less than 120.

The associations were created in part to acceLer-
ate technological progress and to reduce the lead
times in the implementation of new technology. There-
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fore, both the PO and NPO forms may include insti-
tutes and design bureaus. In the production asso-
ciation, scientific organizations are usually of lo-
cal significance and confine their research-develop-
ment-innovation activity primarily to the production
needs of the association. In the NPO, on the other
hand, these units are expected to conduct general-
purpose or branch-wide R&D, developing innovations
for the branch as a whole. The "head" organization
also differs. While this role belongs to an indus-
trial enterprise in the production association, it
is performed generally by a powerful research insti-
tute in the science-production association.

The NPO fulfills the functions of a branch scien-
tific-technical center. Its chief task is to create
and apply new technology within the shortest possible
rime. It is not predominantly a producing organiza-
tion but is intended primarily to carry out R&D on
new products and processes. Ideally, when a new
product has been brought successfully through its
first production runs by an NPO, the mass production
of the article is taken up by the production asso-
ciations. In line with :"-eir concern for the entire
research-to-production cycle, ::stveral NPOs have spe-
cial start-up plants and installa ion units which as-
sist other production facilities in introducing and
debugging new technology.

Some NPOs specialize in the creation of new prod-
ucts. Others develop production technology and con-
trol systems. Still others concentrate on the de-
velopment and assimilation of new technological pro-
cesses- Among the most important tasks of NPOs are
reported to be the installation and adjustment of new
technology, the conduct of patent/licen3e work, the
maintenance of S&T information services, the fore-
casting of new product demand, and the development of
estimates of labor and mater-als requirements.

In internal organization and management the aso-
ciations exhibit a range of alternative formats. e
degree to which the enterprises in a production as-
sociation lose their autonomy varies widely. For ex-
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FIGURE 8-13 MANAGEMENT STRUCTURE FOR A TYPICAL
SCIENCE-PRODUCTION ASSOCIATION (NPO)
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ample, in the Leni.igrad Optical-Mechanical Associ....-
tion the general management of the PO fully replaces
the plant managements. At the Svetlana Association
each enterprise retains a measure of autonomy, and
only the basic management functions are centralized.
The management of the PO is the same as the manage-
ment of the largest and most modern of the plants in
the association, i.e., the "head" organization of the
PO. The other plants are organized as branches of
this leading plant. At the Elektrosila Association
some of the plants are fully merged with the PO,
whereas others have retained some autonomy. A sim-
ilar pattern of structural diversity also character-
izes the science-production associations. According
to a model organizational statute on the NPO, issued
by the central leadership at the end of 1975, how-
ever, all units joining the association lose their
independence. Nonetheless, practice continues to
diverge from this uniform pattern. Figure 9-13 il-
lustrates the model management structure for a sci-
ence-production association.

THE ORGANIZATIONAL SYSTEM:
WHOLE AND PARTS

The previous discussion of the organization of R&D
in the USSR suggests certain features and themes that
desert. _ emphasis. Most basic, of course, is the for-
mal design of the whole edifice for science and tech-
nology as an "organizational system" of multiple and
wen integrated parts, with elaboratz. but generally
internally consistent assignments and responsibil-
ities. This image of a highly centralized and coor-
dinated Soviet system that is able to pursue compre-
hensive and coherent SST policies often prevails
abroad.

The image, however, conceals as much as it re-
veals. Though highly centralized, the organizational
structure of Soviet science and cechnology is far
from monolithic. On the contrary, it is highly frag-
mented. An official at the top feels sometimes, in
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fact, that he sits at the
mid," that the vast bulk
are beyond his influence,

apex of an "inverted pyra-
of decisions and actions
much less his control.

Among the prominent structural properties of the
system is the segregation of activities by level in
the respective hierarchies. Although there are ex-
ceptions to the general pattern, the focus of plan-
ning and managerial responsibility is centered at
three levels- (1) all-union or national; (2) branch
or ministry, Academy, or republic; and (3) performer
organization (research, design, educational, and pro-
duction establishment). When a republic organization
or element of local industry is involved, a fourth
or fifth level of planning responsibility may be in-
terjected accordingly, but in general the three enu-
merated levels designate the three types of relevant
plans. For example, while republic councils of min-
isters are subordinate to the USSR Council of Min-
isters, their plans have similar orientation and for-
mat. There is similar correspondence in the branch
plans at the union and republic levels of a union-
republic ministry, although the superior-subordinate
relationship is clear, with plans at the subordinate
levels incorporating directives of the superior lev-
el.

There is a clear intent to delineate organization-
ally line (or dministrative) and staff (or function-
a.) activities at each of the three levels. Certain
organs, such as the ministries, are responsible ad-
ministratively for all activities of a subset of eco-
nomic and technical establishments, usually in a par-
ticular industry. Other organs, such as the state
committees, arc responsible for at least the formu-
lation and monitoring of a functionally oriented set
of policies for all Soviet establishments. The ais-
tinction is carried through to the branch and per-
former organization levels as well. Within the min-
istry and performer organizations, certain adminis-
trations, departments, or individuals are responsible
for overall performance of the organization as a
whole or for particular subdivisions, whereas plan-
ning, finance, supply, and other departments mange
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their respective functions for ,.he organization as
a whole. The distinction between line and staff
functions in the acadcbmies of sciences is somewhat
less clear, cbte in part to their relative autonomy
which in turn is related to the 'nature of fundamental
research. The academies themselves conduct a rela-
tively large shar, of the planning and other func-
tional activities for their subordinate facilities,
although academy facilities are also subject to the
policy formulated by the various specialized state
committees and, overall, by the GKNT.

Within this context the three principal central
management agencies which are concerned with R&D
planning and administration are the GKNT, the USSR
Academy of Sciences, and Gosplan. Of these, the
GKNT's functions may be described as comprehensive,
incorporating overall managerial responsibil.,ty for
Soviet SST policy and particular concern with inter-
branch coordination problems and with facilitating
integration between academy, university, and indus-
trial R&D. The Academy and Gosplan are more special-
ized, concentrating respectively on fundamental re-
search and on industrial R&D and technology utiliza-
tion. They, in turn, are more heavily involved in
operational management in their respective areas,
either by formal administrative responsibility in
the Academy's case or b). the significant de facto
authority of Gosplan in managing the economic and
technical activities of industrial establishments.
The three organs jointly issue mazy position or pol-
icy statements setting forth regulations and guide-
lines on one or another aspect of R&D planning and
management.

In general, the basic principles which :_nderlie
the organizational structure also tend to andermine
its "systemic character and cohesivenes. . The key
to effective organization in the Soviet Union, just
as in the United States, lies not in structure bv-:

in relationships between individuals and 'nstitu-
t:ons. With parts but no coupl:ngs between the parts
there can be no system. The traditional design
principles of extreme func-onal specialization by
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organizations and of institutional dissociation have
created structural barriers rather than bonds between
the various organizational actors at all levels of
the Soviet SST establishment. As we have seen, the
s:ructure of decision malc.Ing is predominantly verti-
cal and thus substantially inhibits lateral communi-
cation, cooperation, and coordination.

Similarly, structural features help create and re-
inforce functional autonomy and non-integra*Ii-ye atti-
tudes among the organization-xl parts to the detriment
of the whole. With parts ani no common purpose there
can be no coupling and no system. Soviet authorities
naturally intend that the various organizations and
agencies complement each other in pursuit of objec-
tivec specified by the leadership. In practice, how-
ever, the parochll aims and special interests of the
parts frequently rr,:vall over the centrally defined
purposes and needs of the nfttion or "system" as a
whole. Soviet orgaal-stions have been built largely
on the princ4ple c. total or near total self-suffi-
ciency. Eac ministry is an empire of its own, oper-
ating al lost independently of the others. Each of
the central administrative and functional agencies
has acquired entrenched bureaucracies which compete
with and frustrate each other. The very structure
and nature of the R&D administrative system--with its
emphasis on multiple authorities, mixed sovereign-
ties, and incomplete functional mandates--inevitably
exert their influence on the policy process and on
performance. Though of a different kind perhaps than
exists in the United States, bureaucratic politics- -
with all the realities of interagency payer, clashes
of priorities, and conflicts of interests--nonethe-
less is a pros- Event and permanent feature of the "or-
ganizational system" for scienca and technology in
the USSR. It is no accident that better "linkage"
and "integration" are important organizational issues
in Soviet science policy today.
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IX THE FORMULATION OF R&D

PLANS AND PROGRAMS

ollEgKIgR OP SC1ZNCE AND TECHMLOGY PLANNINC,

plans is the Soviet Union are the fundamental in-
strumeat for integrating and controlling production
activities of all kinds and at all levels of aggre-
gation, ranging :ram the state as a whole through a
variety of economic units to the individual. By as-
suming this burden, plans must be not only directive,
convoying the vlshes of the leadership, but also suf-
ficiently Informative on factors external to the plan-
ring wait to permit effective coordination. Plans
must also incorporate a system of incentives and pen-

to insuresUre the accomplishment of assigned tasks.

By its very nature, R&D seems incompatible with
this type of Planning. Optimally, plans predetermine
results, while R&D in varying degrees involves explo-
ration of unknown or uncertain territory. Problems
of uncertainty and risk are particularly great at the
fundamental research stage and subside increasingly
witiloovement toward the development end of the R&D
spectrum' and the more deterministic world of produc-
tion. In general, this factor is recognized in So-
viet science Policy. Laricbev, for example, notes

f-formulation of the goals of planning depends
subntantially

degree
the means of determining with a suf-

of certainty the expected final re-
sults of R643-"1 Becau-4-it of the difficulties of pre-
dicting and evaluating R&D results, their aggregation
is also appreciably harder than the aggregation of
production targets. Indeed, until well into the 1950s
activities under research, development, and innova-
tion is the USSR were seen as "too complex and numer-

aad the results too unpredictable and indefinite
to be worth the effort of joining them into a single
coherent plan."2 For that matter, R&D was still re-
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garded as being too aloof from general economic prob-
lems and processes to permit any convergence of sci-
ence policy with economic policy.

Increasingly, however, the planning of science and
technology has become a separate and consolidated ac-
tivity in the Soviet Union, especially since the late
1960s. Like the basic approach to organization and
structure, the orientation in planning is to treat
the research-to-production cycle as a single complex
of activity integrated along highly formal and hier-
archical lines. Containing a variety of individual
and sequential components that together constitute an
integrated unit, the R&D plan itself is but one ele-
ment of a larger plan governing all aspects of pro-
duction activity. In the State Plan for the Develop-
ment of the National Economy, the chapter incorpora-
ting the Plan for the Development of Science and Tech-
nology is accompanied by chapters devoted to planning
sectoral development (including industry, agriculture,
transport and communications) and capital construc-
tion, as well as to planning functional areas, such
as labor and manpower, various financial indicators,
and foreign trade. There are similar collections of
targets at all plan levels, and each collection for
all types of indicators in principle is mutually re-
inforcing and internally consistent.

Figure 10-1 demonstrates the interrelatedness of
the separate features of the various plans as well as
the hierarchical structure of plans described in chap-
ter 9. At the national level, S&T problems are clear-
ly one of the several types of national problems. The
problem orientation of the plans must be rendered con-
sistent with the task of establishing the appropriate
"proportions" in the national economy, or in other
words, ensuring that sectoral and regional develop-
ment is proceeding as intended and that the plan as
a whole is internally consistent. At the intermedi-
ate level, the task of reconciling plans with differ-
ent orientations -- branch of the natioral economy or
industry, program, and geographical region--is illus-
trated. At the level of the performing organization,
the establishment generally must be responsive to the
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FIGURE 9-1 OVERVIEW OF THE CONTENT AND NETWORK OF SOVIET ECONOMIC PLANNING
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FIGURE 9-2 STRUCTURE OF SOVIET RESEARCH, DEVELOPMENT, AND INNOVATION
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erally lagged. Such notions as "innovation process,"
"technology transfer," and "commercialization cycle,"
which figure prominently in Western writings, are re-
latively unknown in the USSR. Soviet analysts, on
the contrary, tend to use terms like "research-produc-
tion cycle," "scientific and technological complex of
work," and "complex of preproduction work" to des-
cribe the sequencing, organization, and stimulation
of scientific R&D. For the most part, their concepts
have revolved around phase-dominant models of innova-
tion with emphasis on separate functions and individ-
ual work efforts performed in isolation from one an-
other and cut off from the application of results in-
to production. Only recently have they begun to take
a more process view of innovation with the focus on
final results and overall integration.

Also only recently has a predominantly linear-caus-
al view of Innovation been called into question. This
model emphasizes a relatively simple and orderly for-
ward flow of work from theoretical conception to
practical use. The notion that innovation involves
a complex and helix-like stream of events and stages
with significant feedback coupling is not commonly
held. Accordingly, various stages of work are planned
predominantly in sequence rather than simultaneously
and in parallel. The result is significant losses of
time between different phases and a lengthening of
the process as a whole.3

Though important strides have been made in recon-
ceptualizing R&D and _r moving toward a more sophis-
ticated analytical base for deciding problems of sci-
entific choice, deficiencies remain. As two experts
on R&D note, "a number of questions in this complex
process have not yet been studied, and some have not
even been posed in the literature."4 There is still
considerable ambiguity and inconsistency among Soviet
writers who describe and label the stages of the R&D
cycle. "No official methodological instructions by
Gosplan or the Central Statistical Administration are
available which delineate the precise stages," Nol-
ting points out. Moreover, he adds, the conceptual
division of stages is not necessarily followed in
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planning, financing, and reporting of R&D. The basis
for planning and financing -remains primarily the "in-
stitutional performer," not the stages of the research-
to-production cycle.5 Again the heavy organizational
bias of the system is evident. Planning and the al-
location of resources are organized mainly around in-
stitutions rather than projects and programs.

Furthermore, R&D has been perceived and planned in
rather narrow terms and time frames. The planning
process has usually ended with the creation of exper-
imental prototypes or at best with small batch pro-
duction of new products. The actual introduction of
R&D results has been beyond the boundaries of science
planning. The focus has been on building up scien-
tific and technological "potential." The Russian
word for the latter, zadel, means literally a stock
of semi - finished articles waiting to be processed. A
short time horizon, usually only a year, has also pre-
vailed. Only since the late 1960s has attention Seen
given to developing the concept of scientific and
technical progress, to elaborating its meaning and
implications for both the research sector and the in-
dustrial sphere, and to making it the object of plan-
ning. Such an extension of the boundaries of plan-
ning complicates the task considerably. V. Yu. Buda-
vey and H. I. Panova observe, "The essence of the
matter is that the problem involves drawing up not
just a separate section of the national economic plan
but a second plan." Yet, they add, "Without global
evaluations of scientific and technical progress for
the long term it is impossible to work out a strate-
gic planning policy in this area and to determine
correctly the tasks of a uniform technology policy."6
No uniform conception of the future shape of science,
technology, or of the economy has emerged to guide
the planners, however.

Science policy analysis and planning still suffer
from inadequate indicators, norms, and information.
By 1974 nearly 300 different indicators were used
that directly or indirectly characterized scientific
and technical progress. However, they did not form
a sufficiently goal-oriented system of indicators to

89

103



Insure the integrated planning of science, technol-
ogy, and economic gr.:wth. In addition, their appli-
cation was usually not concerned with the planning
and evaluation of production efficiency.7 Scientif-
ically-based norms are still lacking for financing
research and for supplying it with human and material
resources. Norms governing the performance of R&D
are absent, as are norms regulating the length of
projects and their stages. When schedules are in-
cluded in planned assignments, they are often fixed
arbitrarily without any sufficient basis.8 Nobel lau-
reat and Academician Kantorovich noted in 1976 that
"In practice consideration of the time factor is not
systematic and is frequently non-existent" in R&D de-
cision making.9 Yet, without taking time into ac-
count, all Soviet science analysts agree, it is vir-
tually impossible to evaluate any other indicators,
such as the technological novelty or economic advan-
tages of an idea. All depend directly on "time," on
how rapidly scientific ideas move from the laboratory
into use.

Serious deficiencies also exist in the data base
for planning and evaluating R&D. Decision makers are
frequently faced with fragmentary and contradictory
information. Statistics on expenditures for funda-
mental research, for applied research, and for de-
velopment are not regularly collected and reported.
The absence of standard concepts for various stages
and categories of R&D results in unsystematic infor-
mation and conflicting calculations. The information
gap is particularly glaring with respect to expendi-
tures for innovation and the introduction of new
technology. Since most R&D units at industrial en-
terprises and associations are not formally classi-
fied as "scientific institutions," statistics on R&D
performed at production establishments are n sys-
tematically gathered, nor are they included in "of-
ficial" science allocations. The lack of accounting
and reporting of these expenditures seriously "ham-
pers the objective measurement of inputs on scientif-
ic and technical progress," note S. Golosovsky and G.
Yeremenko.10 Essentially, the later stages of the
research -to- production cycle fall outside--or, more

1
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accurately speaking, "between the cracks" of--the
system of planning and control. Finally, a constant
flow of operational information is lacking on the
course of plan implementation. Information comes at
regular reporting periods which may not coincide with
the planned completion of projects and tasks. Thus,
the information may come too late to permit timely
corrective action.1-1

It is also important to note that the "technology"
of Soviet planning is still relatively primitive.
Simple and semi-intuitive methods of evaluation and
manual calculations predominate. The inadequacy of
technique becomes all the more apparent in the light
of the increasing scale and complexity of the task it
must tackle. In preparing the annual plan alone Cos-
plan works up 47 million indicators. One variant of
the national macroeconomic plan requires 83 billi.711
separate calculations. At present nearly four bil-
lion documents circulate on various levels of the
planning and management hierarchy. Within industrial
enterprises, associations, and other economic organ-
izations almost five billion work orders and more
than two billion supplementary requests are formula-
ted each year .12 The head of the Main Computer Cen-
ter at the USSR Gosplan zeported with some pride that
about 20 percent of the Tenth Five Year Plan (1976-
1980) wilAq prepared on the basis of computer tech-
niques. On the eve of the 1980s the pocket calcu-
lator has not yet arrived in the Soviet Union, and
the dominant tool at hand remains the abacus. "It is
no accident," observes Boris Milner, now of the In-
stitute for Systems Studies, "that a serious contra-
diction has developed between the growth of the vol-
ume of information and the traditional methods of da-
ta collection and processing."1'

The need for more "science" in R&D planning and
management is generally recognized among Soviet auth-
orities today. Defects in the conduct of analytical
work in scientific organizations are decried at all
levels of the planning ladder.15 Special attention
is being given to enhancing integrative capabilities,
both analytical and administrative, of central deci-
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sion makers to formulate comprehensive and coherent
policies. Accordingly, interest is increasing of
late in developing and applying the modern tools of
systems planning and management and more sophistica-
ted decision aids in this area. Indeed, "systems
analysis" and "the systems approach" have become fa-
vorite terms as the regime seeks to build a more ef-
fective conceptual framework for R&D problem-solving.

These underlyiag aspects of S&T planning are im-
portant to note at the outset, because the formal
structure and procedures of planning tend to dc...minate
Soviet discussions of science policy and sometimes
overshadow these dimensions, which not only impact
upon the structure but, more importantly, influence
appreciably the quality of R&D decision making.

RESOURCE PLANNING AND ALLOCATION
FOR RESEARCH AND DEVELOPMENT

In a centrally planned economy like that of the
Soviet Union, control over real resources, and not
merely the availability of funds, is the essential
prerequisite for the conduct of R&D.16 In other
words, work undertaken at the initiative of the per-
forming or sponsoring organization depends in large
part upon whether the activity itself and the expec-
ted capital, labor, and material inputs are each ac-
counted for in respective plan chapters. Ruble val-
ues serve as the principal means of measuring and ag-
gregating performance, but in most cases it is not
possible to bid resources away from other organiza-
tions as a means of expanding the scope of work. At
the least, then, funding serves as an essential if
passive indicator of the magnitudes of various cate-
gories of R&D. Whether funding can serve as an ac-
tive control mechanism, furnishing command over real
resources, is a function of the level of aggregation
of the decision, the specific fund and/or organiza-
tion involved, and the priority and nature of the re-
search.
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While characteristics of the "concrete" project
may predominate in decision making at the level of
the performer organization, with funding a secondary
consideration, high-level decision making in prac-
tice cannot be made entirely dependent on a careful
study and aggregation of the characteristics of spe-
cific projects. At the highest level, when estima-
ting the total share of national income and determi-
ning the total share of the state budget which will
be devoted to science,the Council of Ministers must
consider not only the potential for scientific ad-
vance in necessarily broad categories of research
and development but also the impact of expanded tech-
nical advances on economic and social developments.J7
The growth rate of expenditures on science is .4-le-r-
ally set somewhat higher than the growth rate ra-
tional income and industrial production to insul:c:
scientific and technical progress.18 Indeed very
rapid and sustained rise in total offici.ti Soviet al-
locations for science, equal to 2.4 billion rubles in
1958 and 17.4 billion rubles in 1975, is indicative
of the leadership's awareness of the growing relative
importance of technological development as a factor
contributing to economic growth.

The sum allocated to science, as well as its in-
tended breakdown by user category and purpose, is
specified in a chapter of the annual and five-year
State Plans for Development of the National Economy.
Here the total volume of outlays for scientific re-
search projects and the sources of financing are
stipulated, along with the overall wage fund fog
workers at scientific institutions.19 These indices,
in effect, determine the extent of money, manpower,
and materials for conducting R&D. Provisions for
capital investments for the construction, expansion,
and renovation of scientific facilities are also in-
cluded in another chapter of the macroeconomic plans
as part of the total volume of capital investments
for the development of various sectors of industry
and the economy .20 The science ezcpenditure plans are
formulated by the GiCNT in collaboration with Gosplan,
the Academy of Sciences, and the Ministry of Finance,
on the basis of proposals submitted by the USSR min-
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istries and departments as well as the union republic
councils of ministers. The plans emphasize, then,
both the association of financial and real resources
and the relationship of broad aggregates to the rec-
ommendations of intermediate level management organs
and institutional subsystems.

There are two broad sources of financing R&D: (1)
the State Budget and (2) the fiscal resources at the
disposal of ministries and agencies at the intermedi-
ate level and of enterprises and scientific organiza-
tions at the performer level. In Soviet terminology
the second source is designated "own funds." Most
own funds are, in fact, centralized by the ministry
that administers them. Only a portion are decentral-
ized and used directly by enterprises and organiza-
tions to contract for R&D with scientific institu-
tions.21 The amount of these resources for each min-
istry and agency is stipulated in the plan for finan-
cing scientific research projects as a source of fi-
nancing.

Slightly less than one-half of all science expen-
ditures is financed by the State Budget. Budgetary
allocations encompass, first, R&D aimed at solving
national priority or so-called "basic scientific and
technical problems" specified in the macroeconomic
plan. These "basic problems" are usually interbranch,
involving the joint efforts of multiple ministries
and agencies_ The State Budget also finances re-
search in the natural and social sciences as well as
R&D projects linked to the solution of the most im-
portant branch-wide tasks.

As a rule, State Budget grants are heavily used in
the financing of theoretical or exploratory scientif-
ic research where R&D results cannot be closely asso-
ciated with ultimate economic savings. In 1975, for
example, 97 percent of expenditures by research in-
stitutes specializing in public health, 90 percent of
expenditures by those in agriculture, and 80 percent
of expenditures by the USSR and republic academies of
sciences were financed through the state and republic
budgets.22 These same sources generally seem to fund
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made by the State Committee, Gosplan fixes
a global sum for the Ukrainian Academy of
Sciences for the coming year. This sum in-
creases from year to year at a more or less
standard rate of four to six percent.

Once the global sum has been fixed, the in-
stitutes of the Ukrainian Academy forward
their claims to their Division and to the
Presidium, which is aided in its delibera-
tion by a special department broken down in-

. to s subdepartment for overall planning. The
Presidium has a number of other special de-
partments for finance, capital construction,
equipment and accounting.

Figures are then prepared for each of the
three Sections of the Academy which indicate
the provisional sum to be made available to
them for equipment and for other expenditures.
The Vice President of the Academy, responsi-
ble for each section, decides on the distri-
bution of funds among the institutes concerned.25

The experience, Particularly the virtually automatic
increase in annual funding, also demonstrates that
budgetary allocations play an important active role
at higher levels of aggregation and particularly in
Academy fundamental research. There are similar ac-
counts regarding re search conducted in higher educa-
tional institutions.. In the 1960s, Wienert notes,
there was no relation between the nature of research
projects and the available financial means. Research
funds were distributed to the VUZy according to the
number of departments.26 -.0ar general, Zaleski con-
cludes that the traditional criteria for allocation
are the gross value of work on an historical basis
and/or the number of research topics.27

Evidence suggests that institutional funding rath-
er than project funding is still the predominant prac-
tice in Soviet R&D as is the tendency toward simple
aggregate planning and incremental play-fling "from the
achieved level." P. N. Zavlin and a group of science
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analysts in 144Nrosiblvsk attribute the persistence of
these practices to the absence of formal cV;teria for
planning science and allocating resources. The
lack of any Precise norms has allowed personal in-
fluence and establishment reputation to carry undue
weight- Dissatisfaction with existing methods causes
G. PosPel-°v: a Corresponding Member of the USSR Acad-
emy. to declare, "We. must finance not only organiza-
tions, rises, and associations but also goals
and tasks' Projects and programs."29 The system of
institatil funding is also seen as a cause of in-
definite fig of responsibility and poor coordina-
tion among R &D stages and projects.

Still other
between the

writers point -;:o the contra-
diction the conservative structure of expen-
ditures based an financing of immobile scientific or-
ganizati°ns and the inherently dynamic character of
science-

30 The inertia of existing institutions and
ongoing prof ects is hard to break. Indeed, it is al-

ImpOSSI.e. it seems, to "shut off" any unsue-
gcessfu1 pro rate, much less "shut down" an -maproduc-

tive institution.. As A. M. Birman notes, "While pro-
viding ostensthle regulation and supervision, the
present system of financing research allows some in-

stituti.ons to go for years without producing any sig-
nificant results ..`31 At the same time, it is diffi-

to get new _,cult ideas and projects accepted. Mount-
concern. Over these defects of the existing system

led to rising emphasis in the 1970s on the need to
expand application of a "programmed-goals approach"
to planning and financing of R&D. Such an approach
oriented toward projects and end results is frequent-
ly used in the military and space sectors. Praising
this method, -

1)ospelov notes, "The new will not have
to 'fight Its Way up' from below, proving its right
to exist' Under such a system of financing, all
shoots of the new will be visible from above and can
always be given timely assistance."32 But program
planning and zero-based budgeting have not yet become
dontin87-IC

forces in Soviet civilian R&D activities.

To return to the issue of budgetary distribution,
Industrie-1-215'13 conducted within the ministerial sys-
tem has e heavy component of state and ministry bud-
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dustry, the share of contract financing had climbed
to roughly 20 percent and 38 percent, respectively.
In some academy facilities in the Ukraine this figure
is much higher. In the Institute for Superhard Ma-
terials and the Physico-Mechanical Institute, for ex-
ample, contracts accounted in 1975 for 69 percent and
70 percent, respectively, of the total work.35

The degree of contract financing in university fa-
cilities also varies considerably. In some technical
schools and departments, the share is extremely high.
Overall, in fact, contracts account for about 80 per-
cent of all VUZy R&D. This high share reflects the
concentration of VUZy research and development in
branch laboratories, which are entirely financed
through contracts made with the branch ministries.36
During the period 1971 through 1975 the volume of R&D
financed through the State Budget rose by 38 percent
while contract receipts increased by 78 percent.37

In the enterprise or production association sever-
al sources of funds are available for financing inno-
vation and R&D-related work. These include the Spe-
cial Fund for Financing Scientific Research of its
parent ministry as well as State Bank credits. The
largest source of financing is its own special pur-
pose funds: (1) the Unified Fund for the Development
of Science and Technology; (2) the Fund for Assimila-
tion of New Technology; (3) the Fund for Development
of Production. These funds are used to finance re-
search, development, and innovation conducted both by
enterprise scientific subdivisions and by outside
perfr-mers under contract.38 In general, Berliner
concludes that "the organization of the supply of fi-
nancial resources for R&D appears to be no problem
for the innovating enterprise."39 The real problem
is to create the will to innovate. Human motivation
is the commodity in short supply, not material and
fiscal resources.

On the whole, financial allotments at this level
of R&D tend to be passive. Decisions at the level of
the institute, design bureau, enterprise, and asso-
ciation can be related more easily to specific pro-
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jects and input requirements without the necessity of
allocation by lump sum. Similarly, the l_esser prior-
ity attached to decisions at this level implies that
funding is by no means a guarantee that real resour-
ces can be commanded if not allotted in production
and distribution plans. Thus, the importance and
priority of the particular input in question deter-
mines the extent to which funding decisions can have
an active role, especially at this level.

Taken together, then, these various factors and
considerations illustrate that the allocation of fi-
nancial resources to research and development is an
integral feature of Soviet planning. They also de-
monstrate the predominantly hierarchical nature of
financial planning as well as the relative importance
of various sources of funding. The degree to which
financial mechanisms are an "active" planning control
instrument is largely a function of the level and
priority of the decision and decision maker.

In addition to these features, a few other basic
points about Soviet resource planning and allocation
merit brief mention.

First, insufficient attention is given to the
utilization of resources. Only since the late 1960s
have authorities gradually become aware of constraints
on resources and concerned about the effectiveness of
their use. He sever, analytical work is still defi-
cient in this sphere, in large part because the whole
system of planning, finaacing, and management of R&D
remains basically input-oriented rather than output-
oriented.

A. major aim, in fact, of the increased stress on
the programmed-goals approach is to help shift the
focus f planning, policy, and performance toward end
resin . "By directly connecting goals and resources,
expenditures and output, programming methods of plan-
ning create a real basis for objectively evaluating
the effectiveness of resource utilization, for choos-
ing rational decisions, and for optimizing inter-
branch proportions," according to one group of So-
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viet decision analysts-40 Academician Fedorenko also
describes this as an effective method of "dovetailing
goals and resources and of coordinating regional,
branch, and programmatic aspects of the plan for the
development of the national economy. ,=41 That is,
program planning is regarded by some Soviet writers
to be not only a more effective analytical device for
problem-solving, but also a better way of allocating
resources and balancing expenditures so as to insure
the appropriate "proportions," noted earlier in our
discussion, between the solution of key national S&T
problems and the development of various economic sec-
tors and regions. The preponderant weight of the ex-
isting branch approach to planning and financing
makes it difficult to concentrate R&D resources on
priority interbranch projects, to eliminate waste,
and to accelerate innovation.

Second, the State Budget in the Soviet Union is an
annual budget. There is no five-year budget that can
be linked to the five-year macroeconomic plan. Funds- -
as the basis for obtaining material and technical re-
sources--are distributed only for one-year periods.
Such a short time horizon prevents the development of
a genuine investment mentality toward R&D outlays
that is oriented to long-term returns. On the con-
trary, it reinforces the dominant tendency to plan
"from the achieved level" and to focus on inputs rath-
er than results. Since unspent funds revert back to
the budget, there is a strong tendency for R&D per-
formers to use up all resources and thus "zero out"
at the end of the year. There is little incentive
to reduce expenses and to economize on materials and
labor under the existing system.

Third, there is the problem of coordinating fi-
nancing with material and technical sunply. In prin-
ciple, each financial flaw is to be matched by a cor-
responding physical flow, and whenever possible both
are to be planned. In practice, however, the linkage
rarely works smoothly and rapidly, and sometimes it
is not made at all. Part of the problem is that R&D
organizations frequently cannot anticipate their re-
quirements for materials, equipment, and scientific
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ever, is that scientific institutions have engaged in
much the same kind of hoarding practices as industri-
al enterprises. They are reluctant to share, much
less give up, valuable and scarce resources, even if
they do not use them. The establishment of a rental
system is a means by which to free the quantity of
little used, highly expensive, greatly needed, but
essentially "frozen" equipment that is growing at an
appreciable rate. It represents a device by which to
break down some of the institutional barriers between
the "haves" and the "have nots," to bring together
the demand of some organizations and the supply of
others.

Suffice it to note that in the early 1970s the
rental of scientific instruments and lab equipment
began to be organized, initially in the Leningrad re-
gion. Plans have been worked out to develop such
rental services in a number of major scientific cen-
ters throughout the USSR, such as Moscow, Minsk, Tbi-
lisi, Kiev, and Irkutsk. Along with filling one-time
orders, the servicing of customers on the basis of
long-term contracts has begun to be practiced. Rent-
al arrangements sometimes involve the ;rovision not
only of equipment and supplies but also of important
services, such as testing and measurement. This is
particularly important for extremely complex and
costly instruments, which can be easily damaged if
not handled properly. Given the present shortage of
technicians, this is a good way to maximize the ser-
vices and skills of existing specialists and to main-
tain quality control. Interestingly, other organiza-
tions like the USSR State Committee on Standards, the
USSR Ministry of Chemical Industry, and the USSR
Academy of Sciences have also begun to set up rental
services involving very sophisticated equipment and
precision instruments.44

Nonetheless, the inadequacy of supplies and the
inefficiency of their administration remain constant
complaints in the Soviet press. Here it is important
to bear in mind that the supply function, like plan-
ning and financing, is fragmented among numerous or-
ganizations. There is no single master and alloca-
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tion holder of material resources, though the State
Committee for Material and Technical Supply (Gossnab)
presides over one of the most extensive and powerful
bureaucratic empires in the country. Still, more
than 75 percent of the 7000 supply and marketing or-
ganizations belongs to various ministries and depart-
ments. "Subdividing supply functions," an article in
Pr- la notes, "has the undesired consequence that
each branch of the economy strives to supply 'its
own' enterprises first, frequently to the detriment
of the state as a whole."45 The cumbersome multi-
level and multi-agency distribution system gives rise
to poor coordination in planning, complicates work,
and impedes the solution of even routine matters.
Describing the defects of the system, the head manag-
er of supplies for the Moscow region observed re-
cently:

The organizational structure of the USSR Gos-
snab and it3 agencies does not yet fully meet
the demands of the national economy in as much
as the share of material resources sold through
this system is law, not over SO percent.

The nationwide system has still not become the
basic, prevailing system of supply either at
the center or in local areas. As a result,
production associations, enterprises, construc-
ton and research organizations are compelled
to use numercius additional channels to find
and acquire the materials and equipment they
need to fulfill their plans and meet their
commitments.

At present there are no firmly established
procedures for planning and distributing the
goods on the itemized lists stipulated by the
USSR Gosplan and by the i.tate economic plan.
Naturally, this makes for considerable du-
plication in the work of the USSR Gosplan
and Gossnab."

Largely because of the difficulties in obtaining ma-
terials and equipment through Gossnab, R&D facilities
and production units continue to bypass the whole ma-
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terial supplies system and try to satisfy their needs
illegally and by direct acquisition from producing
organizations.

THE SELECTION OF RESEARCH TOPICS AND TASKS

Program and project selection in Soviet R&D facil-
ities reflects the combined impact of possibilities
and objectives. Important factors influencing tech-
nical possibilities are current Soviet state-of-the-
art; the state-of-the-art abroad and potential for
foreign technology acquisition; and the quality and
quantity of material, labor, and capital inputs that
can be directed to technology generation and acqui-
sition. Important factors influencing objectives are
the level of the decision maker, his independent or
derived aspirations, and the urgency of the technical
problem at hand in comparison to other claimants on
resources. Influencing both possibilities and ob-
jectives is the productivity of investment in partic-
ular programs and projects, or in other words, the
value of the results which may be expected from a
given amount of inputs. While the selection proce-
dures and criteria clearly differ depending upon the
agency and type of R&D, and though our knowledge of
the details of Soviet decision making is still limit-
ed at all levels, the following description supplies
the important principles and general procedures.

In all organizations and at all levels of the hi-
erarchies the selection generally proceeds in three
stages: (1) an evaluation of where the organization
or entity (the nation as a whole, republic, or branch
of the economy) is at a particular time; (2) an as-
sessment of where the organization or entity is like-
ly to be under the assumptions of combining possibil-
ities with several variants of objectives; and (3) a
selection of alternatives. The chief concern in the
first stage is the set of indicators employed to
evaluate status; in the second, techniques of fore-
casting; and in the third, the designation and hier-
archy of plans, programs, and projects and the cri-
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Is to be oriented to accelerating the rates of scien-
tific and technical advance and to raising the effi-
ciency of production along the following broad lines:

1. The creation and introduction of fundamental-
ly new tools, materials, and technological
processes which surpass the best domestic and
world standards

2. The comprehensive improvement of product qual-
ity in all sectors of the national economy

3. A rapid rise in the technical level of the
stock of technological equipment and a faster
pace of replacement and modernization of ob-
solete machines and units

4. A reduction in the amount of materials con-
sumed in production by improving the product
mix and the design of machinery, by using ad-
vanced technology, and by utilizing more ful-
ly raw and other materials

A rise in the level of electrification of pro-
duction and in the efficiency of energy use

6. 'the creation of machine systems for complete
diechanization and automation of the most im-
p,rtant production processes in industry,
-onstruction, agriculture, and transportation

7. The renovation of existing and introduction
of progressive standards and specifications
for achieving a high technological level and
quality of output

8. The broad introduction of modern methods of
planning, organizing, and managing production,
including the use of up-to-date business mach-
ines and computer technology. 48

These broad directions, expressed in terms of appro-
priate volumes, rates, and proportions, have subse-
quently been referred to by Soviet science policy of-
ficials as "basic indicators" for measuring scientif-
ic and technical progress.49
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In fact, the 1974 planning instructions included,
for the first time, a list of "basic technical and
economic indicators" for industrial production, which
are directly related to the broad evaluative consid-
erations noted above. Constituting a new subdivision
of the plan for the development of science and tech-
nology, these technical standards are designed to
serve several purposes. First, they provide crite-
ria for determining the usefulness and desirability
of proposed research, development, and innovation
measures, and in particular for calculating the re-
turn on investment. Second, they induce enterprises
to enhance technological performance, raise economic
efficiency, and improve product quality. Third, they
aim at enforcing the utilization of R&D results in
production.50

In effect, these technical standards are to serve
as the basic indicators for evaluating status and for
determining technological advance throughout the plan-
ing hierarchy. The indicators are couched in general
terms for application to the economy as a whole and
to the republics, in intermediate terms for the var-
ious branches of the economy, and in highly specific
terms for separate production units. The general in-
dicators include, for example, the following:

1. The proportion of products matching or exceed-
ing the best world standards

2. The volume of sales of such products

3. Changes in proportion and volume of substan-
dard and obsolete products

4. The proportion of obsolete products withdrawn
from maaufacture to total products

5. The amount of production assimilated for the
first time or assimilated in less than 3 years
time

6. The degree of mechanization and automation of
labor
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Relative reductions in the labor force due to
the rising technical level of production

8. Incx_ases in labor productivity

9. Economies in the use of materials

10. Reducations in cost.

Indicators for each branch or enterprise specify the
production standards required to meet the general in-
dicators, such as, the average content of nutrients
in chemical fertilizers, the drilling speed of oil
and gas drilling equipment, and the proportion of to-
tal steel output er plant produced by the contil.Alous
smelting method.51 The orientation of these indica-
tors is clearly economic and demonstrates that pres-
sure on the scientific community is strong and grow-
ing to induce all researchers, designers, and engi-
neers to serve the needs of the economy.

It is of course difficult to conceive of a set of
concrete indicators which might represent the level
of achievement in a particular scientific discipline,
especially in fundamental research. This is also at-
tributable to the fact that no single organizational
unit is held responsible for advance in a specific
field, though leading Academy of Sciences departments,
councils, and facilities would come closer to assum-
ing this role than may comparable American facility.
Accordingly, the state of advance in a scientific
discipline is evaluated in informal discussion within
the relevant scientific community and more formal de-
liberation in a scientific problem council of the
Academy or of the GKNT responsible for the area. So-
viet status relative to the rest of the world is also
certainly an important consideration.

Prospective paths of scientific and technical ad-
vance are determined through forecasts, a procedure
which really constitutes the first stage of planning.
Much attention has been given in the USSR in recent
years to S&T forecasting. Its development has been
encouraged in large part to broaden the short time
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horizon and to alter the incremental style of Soviet
decision making and thereby improve strategic plan-
ning in both science policy and economic policy.

SEeT forecasts are projections of alternate trends
in major areas of science and technology. The vari-
ants ultimately selected as a basis for planning re-
flect established priorities and preferred options,
ideally arrived at by comparative evaluation of ex-
pediency, costs, and benefits. The approved fore-
casts are the foundation for so-called "basic direc-
tions in the development of science and technology
during the five-year plan period." The incorpora-
tion in forecasts of the combined impact of possibil-
ities and objectives is reflected in the fact that
subsequent "basic directions" are designated as the
framework for addressing the "basic S&T problems"
listed in the five-year plan.

Forecasts may be short term (5-7 years), medium
term (10-15 years), and long term (20 years and over)
and impact on the respective plan periods according-
ly. Short-term forecasts are used in machine build-
ing and metalworking to project new models of machin-
ery and equipment. The longer term forecasts are
used to project new types of products or engineering
systems. They are commonly made for problems or ar-
eas of national importance, and sometimes for branch-
es when the problem is clearly within the confines
of a particular branch. Long-term forecats have
been prepared, for example, for the fuel and energy
balance up to the year 2000, for hydro-electric pow-
er, long-term chemicalization, and development ...)f
branches of heavy industry.52

Thougi more than 150 diffe,:...ut forecasting methods
have been developed, they fall generally into three
major types: extrapolation, expert judgment, and mod-
eling. Techniques of extrapolation are usually used
in areas where changes are gradual and not disrupted
by radically new discoveries. The future is projec-
ted largely on the basis of the continuation of pre-
sent tendencies of development. In expert judgment,
forecasting involves analysis of trends by groups of

111



experts in particular fields and the weighing of opin-
ions as to predominant probabilities in science and
technology. The method of modeling consists of build-
ing information models, games models, mathematical
models, and other systems of logic incorporating pre-
sent and future technical and economic characteris-
tics in particular fields of R&D.53

In general, methods of collective
evaluation are most frequently used,
when broad or nebulous questions are
tion, such as prospective advance in
damental science. Modeling is least

expertise and
particularly
under examina-
an area of fun-
used. This is

certainly in part due to the heavy demands placed on
extensive and consistent data panels and on careful
specification of parameters. Modeling is more ame-
nable to such tasks as the projection of performance
characteristics for certain categories of machinery
and the development of branch-of-the-economy fore-
casts. 54

On the procedural side, the forecasting of R&D of
national or interbranch scope is directed and moni-
tored by the "Big Four" planning agencies: the USSR
Academy of Sciences, the GKNT, Gosplan, and Gosstroy
(the USSR State Committee for Construction Affairs).
The Academy and the GKNT, in particular, are the main
agencies in this activity. Each maintains an elabo-
rate structure of special probl-- councils and expert
groups which separately and jointly conduct forecast-
ing studies. S&T forecasting that is limited to an
intrabranch focus is the province of relevant branch
ministries, though subject to constraints imposed by
central forecasts. Branch-wide forecasts selected by
the ministries are also submitted to the "big four"
agencies for review and approval.55

It needs to be noted, however, that the whole area
of scientific forecasting and technology assessment
continues to suffer from serious deficiencies. Long-
range planning and forecasting are still relatively
undeveloped on the branch level. Some branches, Nol-
ting points out, do not even bother to draw up fore-
casts or perspective plans of intrabranch R&D. Fore-
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casting in these ministries is confined to that por-
tion of R&D conducted in connection with major inter-
branch S&T programs.56 Serious complaints are regis-
tered regarding the quality of forecasts. The latter
frequently do not take into account economic return,
eocial consequences, the dynamics of prices, etc.57
The real problem is that no universally acceptable
methods have been found for evaluating these factors,
nor is there any agreement on how they interface. Be-
cause of these general evaluative deficiencies, fore-
casting continues to 71:ve so-celled "black spots"
that reduce its value as an instrument of Soviet plan-
ning and analytical tool for deciding problems of
choice. Nonetheless, with evaluations of current sta-
tus and forecasts in hand, planners are prepared to
select programs and projects.

The selection of programs is an iterative process
among experts and councils in a position to know the
constraints placed on R&D by the availability of in-
tellectual, human, and material resources, on the one
hand, and the economic and political authorities who
provide the objectives and orientation for science on
the other. The selection of programs and projects
and their subsequent eit.iaggregation generally follow
administrative lines corresponding to the infrastruc-
ture depicted in chapter 9. In important instances,
however, problems are of interbranch significance,
and R&D conducted on the problem requires coordina-
tion between Academy, university, and/or industrial
facilties of several ministries. Similar, multi-fa-
cility programs are developed within ministries. The
delegation and management of programs and projects,
both administratively and functionally oriented, is
discussed in greater detail later in this chapter.
For now, attention is given only to the selection of
original projects at various levels and particularly
the criteria of selection.

National and branch long-range plans for S&T are
essentially a bridge between forecasts and the five-
year plan. The long -range plan is "apparently a ten-
tative selection of the variants of basic directions
yielded by the forecasts and sets forth in broad
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terms the new technology to be developed."58 Five-
year and annual plans are the operational periods for
program sei_t_r:tion and control, and the basic S&T prob-
lems that are included in the national economic plan
form the orientation for much of the R&D performed
in the Soviet Union, both because of their magnitude
and the high priority attached to their solution. In
the Eighth (1966-1970) and Ninth (1971-1975) Five-
Year Plans the basic problems reportedly consumed
about 40 percent of the allocations to science, while
in the Tenth Plan (1975-1980) they garnered about 25
percent of the official science budget. The number
of problems has also ',een reduced from nearly 250 to
around 200. The links between S&T forecasts, basic
directions, and basic problems as well as the lat-
ter's subsequent breakdown into programs and pro-
jects are depicted in Figure 10-3.

The list of basic S&T problems is prepared by the
State Committee for Science and-Technology in collab-
oration with Gosplan and the Academy of Sciences. Ap-
parently only about 10 percent of the problems--the
most important--actually go to the Council of Minis-
ters (and most likely the Politburo) for approval at
the highest level, but this portion probably absorbs
more than half of all expenditures. The rest are
more likely then approved on the spot by the "Big
Four" central planning agencies.59 The largest of
the work programs associated with these problems un-
dergo expert evaluation at the State Expert Commis-
sion of the USSR Gosplan. For individual programs,
the GKNT organizes the expert judgment. The basic
criteria for the selection of these problems of na-
tional priority are their interbranch im?ortance,
their social significance, and the technical-economic
benefit to be derived from their solution. The list
of basic roblems reportedly contains no military
projects.b

p°

A basic S&T problem is defined as a complex of in-
terrelated tasks, the fulfillment of which plays an
important role in accelerating technological modern-
ization of the national economy as a whole. The "so-
lution" of a problem takes generally one of the fol-
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FIGURE 9-3 COMPONENTS OF THE SYSTEM OF RESEARCH,
DEVELOPMENT, AND INNOVATION PLANNING

IN THE USSR
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lowing forms:

1. Development and assimilation of new systems of
machines, new equipment for mechanization and
automation, and new materials and products

2. Development and assimilation of improved tech-
nological processes and methods of reducing
environmental pollution

3. Improvements in production organization and
management, including the introduction of au-
tomated control and management information
systems

4. Work on problems in the fields of construc-
tion, architecture, agriculture, and public
health.

To solve the 200 basic S&T problems in the current
Tenth Plan, nearly 1900 new kinds of machines, in-
struments, and products, 900 new economical materi-
als, more than 1000 new technological processes, and
shout 700 automated control systems are slated for
development.61

In general, fundamental research problems are not
included among the basic S&T problems but are listed
among the problems in the natural and social scien-
ces, which are also funded from the State Budget.
For example, only six percent of the basic problems
in the Eighth Plan incorporated the fundamental re-
search stage, but none was limited to it. More than
half of the problems were confined to areas of ap-
plied research ..ad/or development. Only about 40
percent of the problems extended through the stage
of innovation and production assimilation.62 In ac-
cord with the increasing emphasis in science policy
on the need to utilize R&D results in the economy,
the list of 200 basic problems in the Tenth Plan con-
tains a greater proportion of innovation-directed
projects. More than half of the new hardware, tech-
nology, and materials in development are planned to
be carried through to the phase of trial lot 7produc-
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tion or to the successful operation of production
processes.453

To illustrate the nature and variety of basic S&T
problems, let us offer the following examples from
the Tenth Plan. There are programs devoted to the
development and expanded use of numerically-controlled
machine tools and the development of modern equipment
for mechanizing and automating local materials han-
dling and warehouse operations as well as timber cut-
ting. Other programs focus on raising the unit ca-
pacity of machines and equipment, especially for the
chemical, power, and ferrous metallurgical industries.
These include building large ammonia producing plants,
and turbines and generators with a capacity of 500,
800, and 1000-1200 megawatts; developing ultra-long
1500 kV DC and 1150 kV AC transmission lines and nu-
clear power plants equipped with 1500 megawatt reac-
tors; and designing special excavating machines with
40, 65, and 180 cubic meter bucket draglines for coal
mining.

On another level are basic problems in the devel-
opment of furnaceless metallurgy, spindleless spin-
ning, and shuttleless weaving. New methods of pro-
ducing metal and high-grade steels, including oxygen
converters and electric smelting, are the subjects of
other programs. At the Oskol Electrometallurgical
Combine technology will be introduced for the produc-
tion of steel by direct reduction of iron ore without
blast furnace processing. Still other programs con-
centrate on the production of efficient materi-
als, such as synthetic resins and plastics. Develop-
ments in laser technology and in industrial rcbots
also figure among the basic S&T problems.

Finally, problems in applied research--rather than
development or innovation--include programs on the
use of scientific principles of superconductivity and
magneto-hydrodynamics, space and oceans research, mo-
lecular biology, and seismology. A basic S&T problem
in the field of public health concerns the develop-
ment of methods and means for the prevention, diagno-
sis, and treatment of cardiovascular disorders. Other
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programs deal with ways to protect the soil against
erosion as well as research on plant nutrition and
ways of raising soil fertility. 64

The procedure for project selection at lower lev-
els of the hierarchy is similar, although correspon-
dingly shorter and simpler with fewer organizations
involved. In Academy and university facilities,
"Initiative" fundamental research not associated with
problems of superior bodies or contractual obliga-
tions materially reflects the professional interests
of the individual or research .-311ectives. In indus-
try, ministries define problems of branch importance
in the same way that all-union R&D problems are de-
fined. The ministry scientific-technical council is
the chief consultative body. Large production asso-
ciations and other establishments may engage in a
similar procedure. In general, while personnel in
industrial institutes, design bureaus, and produc-
tion establishments may have some latitude to pursue
their professional interests, the heavily applied na-
ture of the work at these facilities severely limits
the scope of R&D.

Indeed, the selection process itself is influenced
by the character of the R&D in question. While the
consumer of the results frequently influences project
selection in industrial R&D, the resource base--the
qualifications, creative potential, and experience-- -
of the fundamental research organization also tends
to limit the scope of its work. In planning funda-
mental research, Larichev notes that "the resources
of the executors predetermine to a considerable de-
gree the goals that are achieved." On the other hand,
for predominantly development-oriented projects "the
composition of the performers has comparatively small
influence on the goals that are achieved; the same
R&D can be assigned to different groups of perform-
ers." Applied RAD occupies an intermediate position
in this regard.65 Academician Kapitsa also observes
that with fundamental research planning "the choice
of talented individuals should have priority, even
over the choice of subjects." As he points out, "A
lame man cannot be taught to run however -.Duch money
is spent on him."66
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Precise figures are not available on the propor-
tions of R&D directly planned by central authorities,
the branch ministries, and local R&D performers. Al-
though the 200 basic S&T problems account for only
about 25 percent of total official R&D, central plan-
ning is not limited to these programs and may approach
40 to 50 percent, in Nolting's opinion. Ministerial-
ly planned R &D activities constitute probably about
30 percent of the total effort while lower level per-
formers account for the remainder.67

Throughout the discussion of selection, we have
referred to the pertinent criteria. In general, at
all levels and in all organizations criteria may be
grouped in three categories--economic, technical, and
social--with emphasis on the first. The criteria
themselves also are similar throughout the economy,
with allowance for the pertinent arena of the deci-
sion maker. Both the problems and the answers should
generally be formulated in a language appropriate for
the given planning environment. That is, scientific
evaluation, Larichev explains, "in spirit should be
a concrete response to problems of the planning or-
ganization." "Logical models of information conver-
sion which use verbal definitions of qualities are
more practical than mathematical ones," he adds.68
In general, strong preference exists for relatively
simple evaluative methods and indicators rather tLan
for highly sophisticated analytical techniques and
complex quantitative formulas. For the moat part,
R&D questions are seen by Larichev and other Soviet
science analysts to fall into the class of "weakly
structured decision problems," for which modern sys-
tems analytic techniques, including cost/effective-
ness methods, are not very useful. Only in the more
deterministic world of production-oriented develop-
ment projects are these conceptual aids deemed to be
of value in planning and deciding problems of choice
and uncertainty.69 Also as a general rule, Kapitsa
notes that the figures to be watched in project plan-
ning are not the absolute ones but the relative In-
dicesthe percentages of the total used for sala-
ries for administration, for scientific equipment,
etc. ,0

119
;)



Until the late 1960s, economic criteria did not
figure prominently in Soviet R&D decision making.
Scientists and engineers were generally not sensitive
to parameters of "cost" and to constraints on re-
sources. Their dominant attitude, as expressed in
the Academy's main journal, was that "there is no un-
equivocal criterion for the resources that should be
allocated to science. All of us must try to obtain
the greatest amount of resources possible."71 Once
when commenting upon the difficulties the leadership
faced in drawing up the first list of basic S&T prob-
lems, Academician Kirillin, Chairman of the GKNT, ob-
served that scientists did not always help policyma-
kers resolve the problems of choice. They willingly
gave positive endorsements and sometimes were indeci-
sive about a particular problem. But almost never
did they render negative opinions.72

Similarly, the economic benefit or return of pro-
posed R&D was not always considered, much less cal-
culated, in the selection process. In 1968, for ex-
ample, the branch plan for the development of new
technology prepared by the Ministry of Instrument Ma-
king, Automation Equipment, and Control Systems in-
cluded estimates of the economic return for only six
percent of its applied research work, for about 30
percent of the undertakings devoted to the creation
of management information systems, and for about 60
percent of the projects dealing with the degqlopment
of new instruments and means of automation. The
absence of calculations of economic return is ex-
plained in large part by the fact that they were not
obligatory at this time. "Without estimates of eco-
nomic return," E. V. Kosov notes, "It is impossible
to evaluate and compare the activity of organizations
working in the field of science and technology."74

Suffice it to say that mince the late 1960s Krem-
lin authorities have mandated that all R&D projects
in the plan must be supported by calculations of eco-
nomic return redounding to the users of the new tech-
nology and to the economy as a whole. The main aim
of this requiromer.t is to weed out nonpaying, imprac-
tical R&D, to promote technological innovation, and
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to raise the general cost-effectiveness consciousness
of the R&D sector. For basic S&T problems of nation-
al priority, the prescribed indicators of economic
effectiveness include specific capital investments,
Labor costs, expenditures on materials, electric pow-
er per unit of increase in production capacity, and
general expenditures in terms of cost. For each prob-
lem there is also compiled a technical level chart
which compares the projected new technology with the
beat domestic and foreign technology, indicates the
branches of the economy in which the new technology
is to be applied, and gives rough projections of the
demand and export potential for the new or improved
technology.75 The economic orientation of the cri-
teria and their similarity to the indicators of de-
velopment described earlier are apparent.

Nonetheless, the requirement to include calcula-
tions of economic return in R&D planning is not uni-
versally observed and enforced. Basic science ap-
pears generally to be excluded from this policy and
from the subject matter of the "economics of re-
search," a special field of study that has emerged
in the USSR since the mid-1960s. As one of its lead-
ing experts observes,

It is not possible to reduce the labor embodied
in Mendeleyev's discovery of the periodic table
to the cost of the cards on which the atomic
weights of chemical elements are entered and to
the cost of the sheets of paper on which Mende-
leyev recorded his idea of the periodic law.76

More broadly, too, cost/effectiveness estimates tend
to be neglected or arc elaborated pro forma simply to
justify decisions already made. The crux of the mat-
ter is that no uniform set of procedures has been es-
tablished for defining and calculating economic re-
turn applicable to individual branches and enterpris-
es. In general, L. Gliazer notes, "Almost all eco-
nomic calculations that are presently made in science
have a low degree of reliability. Here broad use is
made of various kinds of analytical techniques that
impart the appearance of objectivity to all manner of
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subjective constructions."77 S. M. Yampolskiy also
concludes that the calculation of economic return has
been made mandatory, in effect, only fo: projects of
major importance approved by the USSR Council of Min-
isters or for special bonus projects in which an en-
terprise assimilates a technology new to the USSR.78

Even for the highest priority basic SST problems,
however, economic analysis has limitations and defi-
ciencies. Among the current 200 basic problems eco-
nomic return was not determine.1 in a number of cases ,
nor were the technical level charts always complete
and accurate. In some instances, information was
lacking on important indicators. Analogies were some-
times used and not the latest achievements in compar-
ing technological merit. As a GKNT official notes,
"All this prevented the conduct of careful analysis
and expert review for all the problems. It is neces-
sary to give more attention to analysis and evalua-
tion of new technology, to make more precise the in-
formation on the technical level charts."79

Studies by Soviet science policy specialists in
the early 1970s exposed a number of analytical and
methodological deficiencies in the handling of this
special class of decision problems. Commenting on
the experience of cost overruns--sometimes quite stag-
gering--among the 246 basic SST problems during the
Eighth Five Year Plan, Kosov and Popov concluded that
"cost" was not, in fact, substantiated in the system
of coordination plans for these problems. No relia-
ble or universal methodology was used in calculating
the cost of either individual projects or programs
as a whole. Nor was there any consistent effort to
relate cost to economic return. Economic return was
not an important or obligatory object of planning.
There was also some duplication among the problems so
that parallel programs existed, for example, on de-
veloping new kinds of paper, new types of irrigation
systems for agriculture, and data processing systems
for handling S&T inf,irmation.80 Other specialists,
including O. I. Volkov, Boris Zaitsev, and Boris La-
pin, also conclude that the coordination plans for
1966-1970 were deficient in "economic effective-
ness."81 For the most part, the methods of planning
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basic problems did not change until the Tenth Plan,
when central authorities tightened up on procedures
and laid down the "basic technical-economic indica-
tors" to guide the selection process.

All the same, despite improvements in calculating
effectiveness, economic return on R&D is not an ab-
solute criterion for selection of basic problems.
There are other factors, such as national prestige,
defense, social and even technological goals, that
may override considerations of economic benefit and
cost/effectiveness ratio. V. N. Arkhangelskiy, a ma-
jor authority on the planning and financing of R&D,
labels this the "criterion of necessity." In cases
where this criterion applies, he writes, only the
cost and not the economic return need be estimated.82
Though he gives no specific examples of basic SAT
problems that fit this category, we can surmise that
"necessity" may have determined the choice of some
of the research-oriented problems in the areas of
space, oceanography, public health, and atomic ener-
gy. Examples of past technology-oriented basic prob-
lems that may have been perceived in these terms were
the development of the Soviet supersonic transport
plane, the TU-l44, and the new series of Arktik class
atomic ice breakers.

Even more difficult to quantify than economic cri-
teria are the two others, technical and particularly
social criteria. But these exert significant influ-
ence on project selection. The project to mechanize
production operations at the large ZIL truck plant IP
a case in point. As a Soviet case study of the deci-
sion-making process that underlay this modernization
program notes:

The program of reconstruction had great economic,
technical, and social significance.

The economic significance of the program consisted
in that it was viewed as the creation of signifi-
cant economic return: the growth of labor produc-
tivity, increase of profitability of production,
and guaranteeing stability of quality production.

123

13?



,,
a)

.. I I a) i A i 0 I-1 a) 0 a) co
I (.) a) I t11 I ca u) 4 P-1 0 H .r4

0 (6 0 01 fia4

N
1 0

1 I
44

1.1 A
4.i

I 0
0 w

.1-11 fj 8 '8 ° (t PO rd PI N (4 4./ 44 0 irl CY)
01NP41 El (/) (0 1 W 0 1:/ .1, 0 14 00 41 u4 04 4-1 v-1 (13 fa' 0 (4 0 0 ((id Ili r°. 4-1 (0 (0 4/ 0 (0 4-1 W >1 irl 0) 4-1 (1) C./ orl

0 1-14i0(00 DI 0 4) 0 4-4 14 (1) 44 44 (.) 1.14 C./ 1-1 (0 ) rci gl 41 e(9 9-1 ge;:i 40440 OWO
114041-114 t 0 1) , . in (iii) 4-10 rig,O'.4 _ . C.) ti (2 g 4-1

04
(00:1

fj 0
'r1

4)id .rig

41 60 (1) 0ti ° 4H 8 si;JI c'di v ouvook tuu4J0 0Q , III 0 El .r4 4./ 4.)

g 71 I) " W fOl (O8Agralgrnj 111244140(441" NI) 101 0° $.1(1) 1-160

(0 U

't,40'8 4 Vcifi A

a) tv 0 14 0 0, A,
ivg fi: cut,o, 4 3 U 0 Fl. viU (1.1J)04 pi 00 rig (t11 j4j raluri ji (403 4a)

r 4 (1) 0 0 0
0 0 4/ 4 al (1) rt10 0 14 .1-1 (0 kW04J p01.141

14 A 0 4 g 14 14 rd er1 U 11 (0 I-4 fri 0 EA 0 0 .0 Po 0 u u 0 0 1:1 44 (t1 1-1

°1 14h) 2 rC?4. " 8, (A 14 0 14 4) 44 1.1 (I 0
0 0 0 0 1 4 0 4 . 1 r . 1 . 1 - 1 1 4 R I 14

0 0 b e s .r1 0 0 00 41 0 ai 0 rd 4 04 P0 >1 0
0 0 i'l A tn sr' (0

(1) IV H 1.1 a) 41 44 (4 0 41 0 0 .q t41 P4 ° v9 PI, U) tH ti 4 (4 H 0 H H
Vi 4 1.1 g A) g(f) (fIg

fli 4-1 4-1 W 4) `rl *(:$ 4.1 A 41} U ti 4..) 14 44 N 'ri (0 41 r-Sd 0 4-1 01 1.1 PC1 (0 'r4 fs

" W 0 011-4P4/.r11.1 (11 r4. z v 411 8 g 1 itl 0
a) ai 4, E_I 0 ri 0 A /4 (I,I

(f) r(itl 9 rhiElj 112 41 F.14 4j R 14t)

H 0 CJ I-/ i 14
44 CD N 4-1 .i1 4.1 p0 1.1 4.1 41 (0 CA U sd q-I (I '0 it-1 (.1 H 44 al

U N 41 fa4 AO 1:1

41 0 49 v-9 '
4.1 44 N U U 4.1 .1-1 a) a
to4 ., 3 C;i4 2 VI 4i (TA 1 A 1-.1

8 .r01 . ri0) U %I U 0 1:-11 H Oia) 4-1 CD 1.1 H 14 4.1 clo
b0 4 U W 0 11 (1)

41 (4 4 0 0 4-1 0 H 0 4.1 E1 4) 0 (A (4
O 4.1 r1 V 0 r4 0 . 4-1 taOri (./ P H (I 4-1 0

1) (j) " CT1 fal Fi (0 49 ual 11 `pH
01 (1) 0 0 0
H -1 4/ il

(q 13 44 4.0j g 1-1 11 0. 41 (0(4 v4 4 go ILI 1 r4 r-I ° (t) 0 a) $4 1.4 pa ri V ll) 4-1 'T-1 4.1 0 g a) :: I-I LI 4-1 V'
t..) 6r1 I Cl) CO PI 0 ( \I(./ 0 0 Cli 0 W (.1 '14 CI s-1 .004) 000431-4011

44 H ' A U 0 0 0 "Ci 0 0 0 a) tH .r11:1 -1c1 lel 1-1 0 4.1 Ao>q100 Og ai H Ei -1 H4-141110PY1(00) OW DD 60 0 0 1:1) U (1 0 71:i CO 4) W 0 (1) CD

1 t C(11 14 Zi "U
U)04474)Hf1CAV148

N
A (.1 H

W 0 fa
1:14

,, i.,
bo a) 1-1 P, U A 0 4-1 or( 491 0 '1 0 111) 01 41) 1 PO

'1
: 1)1 rti 149 P 111.11-14-14-1140/10 0 1-11110/0 Ti

4-1 61) 1.0 b0 0/ til) 14 'r1 4.1 W 0 (.) 'rl C0 p0 'r1 0 (0 4 41 41 0 A 'IA N 4:1 ob0 .1.1 p0 04 41 A 14 pi U 44
to ri 49 I- 4,1 49 a, go g (1.41t2.44i T).0 ai

?) 0 ri 'rl t'iti u v (1.1 A .19 f?i *CA H it
14 1-1 CU iv g oit 0H 2 0 g, ttO 1-I 1-1 ni 0 r-i vi 4) 0 44 N 0 1,4 0 4.1 W 41 4 4J 4.) 0 1:10 > M 1-1 El 4.1 U PI(4U A41 WNW 1/14i11 r-jg it-In :1::ii o ,s Ili) 1.1UH0,04-1104.1 OH 41 4.1 OS 4:1 v.1 4./

U 041000U (O (0 4) 44 n4

flt) mil rv0 ,.>41 44:rigl 761 til (II 'Crni 2 I RI)) P4) tio 1 1 114 44° s5 :L06) 0 11 H(1) id4 ill) 44-1 O u "pi.
u 14 44 i4 H b0 H 11 71 (1 e(r31 0 8 'r41 rl Vi s' Li 141 efJ ;I; ° r°- 4) .

pp

° tun' .49 '1 P's
v ou 04

.49 ° riri °r4t0 41

44] .1 NI PI ° ILI 49 °
(0) A (0 li t) (./ sri r.1

A (4 6ri id H 0 0 (i .5 ft g Ti r'll soc' '6 14.1(H
I-I orIgni limo

ri o ri 43, 4 44 4
I1 V 1-1 11 A 4.)00,00 co.. ri Ill courd5ralc4o 0 ,ri A ro a) o: 4 H 4./0 11 0 0 0 0 H 0

t4111,40jggp(fia)441j i(1).101r)110418:24,1) IS t cl ii A 14 it,
to co al P 4i 0.1 .a srl GU W rd rd ri

,DO
0 0 1,

tZ/1" 4.I u co 4J r4 44 qi 44 040000 4.1 U1401 H 41 A r'l
0 b0 Cd A (O 41 /-I (II CO 0 4"1 60 1-1 0 $4

4:g 6rUi el 1 rEl i2 ti I) '2 CC 1)) t: bow (I
q in co
A 01 111



a I 49
:J

I I I I I rk Irl cloz o I >1141:144 41 4.1
Wei 1 gil kW W 14 U) 1 H Icl .13 0 gr.! u w

Pbouoldwg1A o
0 0A>Fl 11 g g i:le() 00 HA

W441°.101
0 41 W 0) 44 W Pi 44 fl v.1
44 (1) A > (1 '0 04 0 0 W U

A ,IIVIIrimi V cnkt4°./(12g011
4 0)00001110 4-100

gE-14411Tal "IP14
W "AM 41 " nInol94 14 0 0 4J 0 > vl 03 0 vi .1-1 14 rt:/
R

cnwp Hoo riWOON00 004
54., 4404) 1400 WHAW01:144V41Ag

AI '6 4 1 1 0 " °, 4.1 0 44 4.1 04 W H U 10
Al

V
G AgltA4VJH 1-16r4N.1-10ga WU t4 PHOO 0

V4C1 71 4W1 44 (n 11 )4 4 4 01 U
P CLI 0 0 4-I U .61-1U 0

112.4111i1Ord 4-10
T10.1

00144 Olivi v41-1 WedMO NO OW00. 00 4.11-4044 ggiMwe,0 4) 0 14 4-1 CI 1.1 U) 0 14 N (1) Hgl HIntW041(11 H VI CI HO0 0 41 0) 0 H C14 11 .r1 0 01 1:1 la Pi 4-1 W W CIOM 0 014 OMMO4A0
irl W tijO IgAgS PIIM HviPOW0000 OW 000WO HCOHN 1,4 sr40H(0004,1040e10)0 U 0014,0 NH WO 000

4-1

rallsotOlVi; An WIN "r"34104tco 44 04 PCJ ai v.1 W 0
Ell S4 liguw".11t 444.14) moo NNO 04414

srl 0 g, V A Coli ,.,9 .8
w w 01.304N0,44V OtiU 141e0491-00.r10.ri (110 "040504HO 411wa go i.4 0 0 * 0 0 .r.1 0) OW : ".1WO 1.102Wril k V 0 0 titliV5H 04-IHNWON0000 0 mWO WrOW

Apiw A4Vil 000 g 1 44'1°44 litgOVA rl
mi R*01:444404 11

-1 44 4.1 W 40 VI)1 "41113V3B4I40 44"1 46'° A-T 20,,i 0.014.4060 m.
vi 00 AN V CIOH 04 0 (11..00P0 41714) 110"11041V044 WeA110712 WjAti Ifroc;Ntiv woo uuow a°°

A"' " 0 0
N-1 0 WOH '..I.ri ti 4.1 0 0 to c4 co w ri 0 14 0 0 41 ;44

Z "11),('r411i100 orl 000 El 1.1 4'1 0 0 fli 60 11)OP 0140u00.14AX4 410 k s400 .14k Mitlill Al 14104HO
A (2 4 Vi 04 .1 t 0 14°)

. WO>UONWOACJV U40r4H N 0r4tiA ONO
O HO.r1 1441"45C1" V 44104t/PNWHI0q4clog o a d o40 r-1 44 GI 0 0 0 ON
H 1111 m4val slouAou'48tP4140?
H 1 ilegl 1 4 1104:Iri 1 g1P4VO4.414

al a IN Wthatl 7)1 g 4
)! 4 1 II ! El v.,11 (4.1 4 li i uS 731 T tig lrt4 1 rti Au' M k H g 4 r' 0: , .ri 0 ,I4 tfl

taLUaltil nrasitIOULI



rt WO Z 1h Ni Q oh ft K. 11 7) rt 64. rn 1::.iti 0 rt OQ Q 0 0 0 f.44 0 1-4 to 1-4, 01 V 'LI rt rt WO Pi
IA roi51810 °RWmo u

Fh co Iv 0 t-e ii rt0'0 MOP PIM 11 11 1.4 0 fo I-,
O 0 0 rtp)H.1/44ocrooH.000 0 41-1

051
rtLhrto OrtWID NO10 :N onmoomon H.000rtono 1-4 P4 OQ Co (t) HI 0 rt rt t.i. PA1 2 c). f.:& 'pi g Ft

oH. 0 2 P4 rt CI a RI k.°4 41 g 1;10 8 71 5.64 rt I 0 It 0 II F4(1) rI) Iti P) OA M VI 0 0)
M N Pti rt PO o' '0 M cre ta Fl. 1-11 00 C (D D) H. Pap Pi 0 H. co 0 11.1 ID 1-1 to Co 0 111 rt (D
@ V) HID 11 ti 0 `4 N'' 1-1 11 01:1 11 1-, 0 H H X HI 0 rt HI r1 0 11 tf (0 (D w M 0 1:r Pi

O ozopH.. o p.a n H (D 01 V 00 0 o m
OQ 0 rONZItIgv36100rOtErirtki-4j. Pi 0 PE P 0 "0 0 03 Pi fP M H. warn
M 0 C0 rw 61.161. ofil (g,$: It tit. rt V) (Rn 1,4 w F.-I rt 0 P. rt H 11 C0 H rs 0 o rt r L4Pi LT rt 0 rton H. 0 w Z 0 1-14 134 rt rt 04 0 14 0 rTI P. 0 0 to

H
IA 0 rt 61 111 CD 0 1 (A 1.111 Vi A otboo0 ovro ogro g M

HO EL, Tr IA 1-1 P' 0 No 1--1 ra. znro a. a' 0 ViHs rile W g It 4
00 t/ rt1:100omo M P(4 fr 1-1 11 P M coo 1-1 PL1 0 1.4 ramortlArt 0011 14

HE.' rPH. H' it11) rj till '4 rill I.J't 11 Ai Pt .lA RI 6.4 rt 0
rtM(10)0A00A40t.ti OM 11 (1/01 b,I1-,

1-4 rt Pi 11 H w 0 M P. P U) It 0) H 0 M P. 0 M (19 H

i....4 '44 4 POMONrIaP151(114?-4NWCIWF-1
141PIM OH POH.MrtMO
1-1,Mk4P0g OrtWPO H144Mggiig

0

IA 5' Pi 04 v 1-3w 1-4 M .. Pa. (/) M CO 0 H 0 il 0 M M OQ cs) @ 1-1

0 ID %.0 ti 0 (10 p p rt U) 0 co tr 0.1 IV CD ID P. 1-1 M ?; 0 t4 rt P. P. 1.4 (0 to

(5t.iOcoMM01-1Fh10 MMhli HM1-1..(:- ) VI till (1) 14111 2 '1::" Fol rt 2 H 6" ig ILI ° ''' " ''' ''' P`:' (1) " ti rl " (1) rt "
O w 11 0 PAHM0'11 w(D0Mtt @ 1-liw 00 Hrt0V)Pri 1,40 OUHAppip.. OR Cr'

H m4 Elp.mgaggt4 vDmArtit-ntrft)k_4 n 1-1 '0 k4 n. CI) P to 1-1! P H
kl g H. 0 0 03 1-4. Ili Fl. 11 CD 11 P 0 nmao5 rtk4
(T Om 00mprtnNmmo%co wo al

art gogirrgogo"4"3114R
00

0 HI Hi vu 1-1 fD n HI f0h CO WOO 4 il V rt M 0 p 1-1 O' PI 0) 0 1-1. (D ti 0 HoCI 11) rt fl 01 rt V) 0 5R
RV mmV.KimPi°t414471M HnotitioomHoti moimm Ho

it) rt ho. (0 rt to P) H 0 0 A. 01 V (0 M 0 rt
1-4 rt
0 P

rait g
H. 14 0 4 rt 0) rt rt M CD H H 01. ta.
Hi-40 M0'00WOHPOV4 a'

ri w P D1 1-h 0 H p O. 0 0 11 4 tt ri
0 1-6 1-4 11 03 0 ti OQ H 0 1-44 1-4 0 1-ti Cl)

Pi P
1-1 0

-,_14H. WMOV WIIMMHOWM HM 000rt /.100 rt000 0 0 (t)

izi rt 01 0 H Ce 11 P Di 0 0 M Al 0 rt 0 et) 0 rt 1-1 H H H 'ti
`.4 OQ rt rt 0 (1) al. 0 rt ti '0 r m 0 17 H rt 4 1-, NJ (1) to co'li rf 0) 11 1-, u) IA 0 rt W 11 rt

O 1.4. loti)vrisimeav rgg.40,
m wctriOnrtp.m*Ngv010,051omaomH1J.n

oo
az

so oft gcr'00904M 1-4 Fti DI I'D o4 11 M I-, 0 V) OQ tit rt CD rt 00 0 Ho'
0 t-, Co 0 It o (D 1-1 (D 0 0. I-, to (.1 1-1 0 11 0 al .4 PO IA 0 a'

H 0 0) ID H
(0 M

010 IENg Pl'oll'AV't:iir1.321 rtow nrri pi-log co

MD)0111 0M g' H. 0 rml C: g.'i 4 R.
or,

H 'o44BrartRow4r..g.vort ei Lk art 0 o o rt
coo o 00 o' 11 v) rt 1.1) H 0 (D fil CO

Pa

P O 040'0 M P I C O M W O O M H M P I H H P . r t M r t OM 5*r.tri7J P "" ti 1H.
N':

rt 0 Ili (ti rt a. n H.I m ii 0 o ft, p MOIHOrt0
1-4 rt P. 0 0 os 0 ti rt rt @ rt co 0 u. Ch F.) g.itomo.o.H.Po ompl 4 rt 0 0 rt H
4 ro 'f(mmVIV415.11"e'p,WA. o) i.J. til ii

elhi Clg ° (114 Dom 45.1t) if5*i'D li V i5 11 V) PoHoo 1-1.
1-1. W MMWMIAH pinir. Ort001-4 10 n
to it HOOP.OH fa) w(DID 0h 1 04 rt By VirtgiT0.1 IA

1 rt 00 1 rt 11 1 1 I (1) Ca M 1 1 1



A ON I I g 4,, 00 rt-.1 0 'd 10 0 1 0 0 01 1..1 0 14-1 I4-1 t o 0 44 0 1 rd th 44 ttl 0 1-1 0 ,0 14 g1 041 lb ft{ i) I-9 rli I 1lf t1)Y WI I W 0 r. W0 A RI 0 1,4 1-1 P g 0 (11 A 4) 04 co V W ,t1 *1-1 H tO N0 41 0 A 0 Fl fi '49 A4 il 8 ;1 '4 419 3 ;91 ' g w
I

o A 4J 0.1 04 0 RI V 1-1 iJ 0 g 0 ti-i a) ri
4) 04 0 0 01 al 0) U ...I 0 1-1 0 U) 44 H CO 0 W t4 (I) 41El: 001-10rt) 01.r,11.40U Otn 4 0 cD P u) 14 A 41 r4 PO 0 4-) 140411,404 A 0:1 1'0 )4 41 0 0 Pi 'IA W 41 ri * 0 a 4-) W 0 W cd , U W 0 H .r-I H 0 0)0 H A 411-1110b01-101,011 g, 4 a) g 0 g . to 4 'ri 6.0 1-1 rt:/ .r1 CO midtn 0 0 k k el 0

4.) 0 EfH CO pl_ (0 W 4-11-40)0>01.00(44 0 (0 0 0 0 0 0a) Do 0) V) (1) r-1 144 ;.% ri.t QI tH 0) 44 0 'fl 0 14 W 1-1 W .r4 0 0.1 0 14 0 41 0) 0.1 0) (n 0
14 0 al 0 0 ,0 0 co 4-1

41 14 44 14> 0) 0) irl V 0 0 A 0 0 0 1-1 14 0 0 'Ci (1) 1-i .T-1 0 0U 4- 11 0 00 r-1 4.1 (.0 0 (0 (0 a0 6r1 0) 0 (0 0 1!) Fi 0
4-I PI tli 704 49 Paint 13 41 4j5 gb .21 wu 4-1

g, m
o W 0rd 0 0 0 tf) th 44 it N 0 44 0 id 0 W HrclOrdir1414100Walb0 >41410400 A W 0 r-I I:1 0 cd 0 ni vi > In 00 H 'CI 0 >U wr-i 4Juu 04 ogokla) ugl4Z

g 't) 8 c'l Al ?a ti g LI " PO p g r0 .414-1 > .44 4-1 0. o 0 g, 0 LH I-1 .r1 Cn 41 en 4 W 0 44 0)
1:1 0) 0) 0 (0 P 14 0 >1 0 0 0 U , 1.1 40 r1 1-1 04 04 1-1 0 g V) W 0) c0 PI W 0 ,$) 49 II t) itil .rj 3) )(?1 () 80614 N1,2"0(00.0ortio4G .0 N rt1 60 0 r1 0 A W 4 ba > 4) 44 0

0 0 c0 0)
OU ApOODO0(/) 000000 4-4 A rOtn0 WOW0 HVt1gP4(0,V1014W41 0.014 r1(01)0 Lvicrisr:litii?)it0Jgcill .2 ,., r4tno 410 fl H '10 P El 0 « I-1 0 0 PO 44 0 W r-1
rd 4(1) I:, ", IA :>, ifi .19 9 (31 to 4 !'-i m t: 44 44 I-i il i virl .4,1 Li (41-itt1

0 04 tog 4.) P.i.- 4 g N! HO air100)$.1 0014(134 41.1 to 0cd of L,! 6) X 1-4 ri 1-1 41 44 (t1 1.4 14 4-1 0 0 144 Pori (0 t 0 04 4-1 4-4 El to 9-1 a) >1 0He.4 H 4 1 c 0 0 C I ) W > 0 ri 0 0 ttl fl CI ti) 4-1 > 4) N410,4) 0 r4 4 g N0 $4 4 4-4 ciorq 4.1 4i W V r1 0 0 0 P 0 0 (1 °Q) 4 rc(1.) 2 : 4V, tl .0" Ille) 0' :rtj4 tf)I>1 1411-1 20+ :4r10 0 0 0 H044 0 : 0) 0 (0 tO b1) X 1)) (0 Di rl H 01 0 0 H 41 0 0 14 0 El 0 0) 711 40-1) 4.140 to cd 4-1v4 : g 1.4 co g www-ftnr-itairci000r-I wowiacttWOOtrk 4 a) >60 0 0 04 be on 41 1-.) 11 A 0 4-1 CA 41 fl g g al 4 1.1 1 1-41 to pi b0 44 1 2 H u I-1 a) m 14Pdgo g g g 0 al 4-1 > g m 4 0 LH oa)ow1-1 8'014000000 um td '0 V U 1E1 41 0) 0 4) 4-1 A 4.1 0) 0 4 H ° cd 0 CA 4.4 0OA 4Pti OH PI 4.1 (0 0) 0 01 0 ti El) 4) (4 I.4 ,c1 tn oNgto 4Jon0 ca g u 04600) 0 tOsrl W 0 0) p1.140u,00 o M u0 : 14 0 04 (0 0 41 0 0 0 ri 40 gl I ti'''

*05 riii r4 3 w t'i 8 Wili 41 til 4 000c40 M
44 u 0u o o 00)0 140140400Pd A Pi 4.1 A A 4 rl 11 al 4J 0) 0W0r0P4 0
0) 4) 78 41:1

a) 4 H g 0 r4 CA ri r1 4.1 )4 0 tll 0 N-1 0 0, 14 (0 II il > 4-1 0 Pc) cd 0 to cd A U
N /4 0)

0 A (0 V W .r1 in 01 0 CO ri .14 v-i P4 0 b0 a o 0 I. m p .0 TI 44-1 CO 13 U PI 041:1 4.1 g > w 14 ri U > H 0 DO 14 0 0) tO "I ti) 4.1 0 0 0 41 .0 4) 1-1 (0 W 0 Pori0 t.) V 41 to A 0> 0 0 40 01 r1 .f.1 0 b0 14 4
.4rrIl 4) U0) 2 4 4 fi g fi ' ,g 40' 46' u

4 fl u4.) g th w ,0 r1 4.i 0 cd vi 0 /4 tO 0 (34 U 0 4.) H 4-441rcal 00 tO 04 13 41 41 0 01-1 V A El 0 41 H 0) 0 4.) 0 0 (I1 11 4-14 V H ggpFiguoogo,000wg 1.4 1-1 rd 0 0 1:1 A 41 El 41-1 0 0 4) rt:1 0 (1) n-1 144U p4 t0 (0 0H 0 vi Irl 1-1 0 cd 0 c0 g to o 4J o) o ri o o 0 r-i 0 14 0DI El 0 > > 4-I P
0 0 tO V 0 t0 0 to 0 A ti A Priv A N .2 1 4 m 4:1., 0,",,,

41

toto' ,,:,:` Hill >41 Ho, t1.14 44)(011

rl to

14 H(1114004 0 H 0 0 0 4) PI 04 Clo PI al 0 0 srl
Cl

4) .0 U l' I: A 49 P4 *erd 141 ,t 11' r"o"a, ,0 0 sli 44 g 0 0, H 14 0.1 4) ri 1.4 Cl u 0 M
til) g 1 71 0to E-1 A ,0 o o g g ow 4.1 4.1 .0 bo 00 H 1:1 ,.0



44 rd 0 I I N i W I 41

W W 1 0
(F014

0 It (I)1101',.(1g.i' 11 51 79i
a) 0)

4 te-I A al CA El CI

O 4/04.100 al A
I'l 1.1 14 0 0 61 CCSI 81 n°4 0,a0if)TV'OT11.1°°"40 ch

0 ., o 0
°I 1' (%) trroi g t'd u .c'i v ci: (%) A ir' S (Q)) "I 41)IA 0 'V C4 44 g X:

v.1 0 U) H U v-I 1-1 In p0 1:1 N 121 4-1 4-1 0 0 1-I 4-i 44 04 " (1) " 4)
tC 2 Ow otn c o ic41 %J 2 g INg Vuirs s: la, 0 (41 4

0 0 I-I
cd PO t 1 0 W > alrG r-10181000s-400PINO OW 14

' 0 4 14t " '1a1 AA ri c'o' til 71i: V' 2 t; u i, tt)4 0 w 0" 8
1 1 ) 4 a) 4.1 o g 14 4 W a i W ( 1 ) 0 W A 00 0 V r - 1 Word 4-1 H
b 0 u U O a ) c i "I a ) :a 4-4 . to v g I 1 4-' 0 0 co

co v) a) O bo 0 b0 3 cti 1.4 1.4 a' rd r-4 C4 W 0 W al id A 004 Jai 0
4 l-14-1444 14 H $.1 04 1:1 CO 4/ H
c o o 44 w 1 to 49 to' ,g (4 (I) W. (1 44 El CD a) 0 (a v)

1-1 14 ?NO 004 (10 44 H 0 8f-1 rd 1:/ 4) > > r-I A 4I 0
00 0 4.4 H 0 $4 14-4 00 0 0 a) cl r-1 1-1 PW 0

ti 0 0 0 0 U flal g C11 ar04 " A 1 g g co 44 A 4.) (1) RI

4 to 0 to El 44 u) 4-1.4 1-1 ,1-1 14 0 r: U ta 4'1 N 0 ) W rti is)

4.1 0 r-1 0 $.1 at r-4 IA td 0 W V 4) CA in 0 0 > 1-4 (1)

q rd ai (1) th 4.I oi 14 (1) a) 4-1 44 0 19 co 4J ch u) 44 ),c co 4
W 00 WOU000"1:1UICAN ONst-l0 44 tl a) H s-I
H 44 H 4-1 10 WWW00144 4.)W1-1U brIXWa)00)(/) 00 Z
04 0 41 ci I.) r-I Yi r1 rC1 g ,g tu 1-1 4 U W El be pa w 14 n U 0 0

44 .r1 0 0 (I) VI 44 ril 1-16 4.I Dm/ N Tij 0 0 44 rd 0 1)4 .r.1 H
A 04 0001414 ON 41 > U V) 410 CU El0 0 1 " a) ci .r1 T-1 4.) 4 H 4-1 P, 0 4 A 44 0 0 4 <4

g 0 I-1 W 1 4-i Pri P-1 VID4111:1 P141-400)0T/ 1-11-) 0
)4 a) 0 0 la, W O 0

0 00 b0 > A Rrn 4; tli VI) S 8 '2 id (?) 1 u of 0 ri r0 r6 W g 0
,r, 0 a) 4-) u) Z bil.r1 0 0 '0 0 CI W sr4 0 0 4 A 4.1 80 ca 4-1 I-I 0 1.1 W N to 4-1 U) 0 101 a) 14 u r-i oir-i 44 u

0 co g W 44 0 0 ri tc) ca a) 3 w (10-1 ri 0 0 Id (1.I 0 .4
4.) 4.4 14 1-1 3 4 cti 0 0 0 ,0 0 4 ca b0 0 to 4) O 44 0 cf)

u104-1(04401,44.104.4fIchr-iWt04),E, Ng csoog.r1 Id H
I t l 0 V W 0 04 W 0 ) 1 1 0 04 0 0 r-I .ri ri U H W 44 0 A

L O 0 4-1 4-1 14 ,0 W 44 W NA 14 PC) A fri (1) I-1 bo 0 4-1 El 41 0 RN)
W 044 to > 44 A 1-4 v > 14 0 4.) o 1.r4 r-1 al 14 g 4 0 u H °ch "I 0 0 0 a) a) 0 A 0 0 4-) *4 0) (0 it-) ol .q '0 0, 14 g V 0
N 0 r-I (4) ,0 W Eh 0 U 0 r1 srl bl) 1-4 4J H u 0 u ca 0 ;.4 to

O 0 0.1 0 44Uti) UtillUgti 19 ..
W

pl '4 to' 1
0 0)

u ri u 0 u V g rd
0 U ,r1 A ra 0 4-1 V 'rl 14 N 11 cn of 4.1 co 4 (1) 1--1 cti Cd 0 v-I 0
H 0 co u 4 44

41 r4) ccit)) ti A 1 W U (4)1 04 4 utill g 11 CI A "A 0014
r-I PI 0

co A .1-1 r1 ,D W 0 14 Cl r1 k 4.I A C.) 0 41 0 01 U) 1:,
4.1 > W W 4,1 H 0 0 DO 0) 0 41 W 0 00 >1 4 irl 60 .r4 U 4-I 0

al 44 N )C 3 t i "ri " > 0$ C 4 Ili A g tt14 tO1 9 4I V: s )4 ,1 ' .1.1 l i .1 4(7 j 04 r I C I ) 00 A 0 ,0 0 .r4O 4./04000041.4414)r-ir1 1-1,-Ifog4J PEl>1440004.1

O 14,011.400i
To '4' Po '04 ro

0 o u
4-1 0

O
u
N 4-I 0 0,

0
0

.r.1 0 4
U

0)
1-1 U)00

04414.10/00000004100
4J N

g U)1:144

1 ( 3 4C1

4I/1

°0 0000 al PN erl
41

N
4J 00 444Udr- Ia'r+41uN

4

w bo bD r-1
CA ri 4i /4 $4 V 1-I srl

0 Cl 4/ 144
4-) (I) rl

O al
b0

0 14 04 N 0
LI .414 Di

00)UDI ro

1-1

r.IN 'tltu .riD)

goo:,
o411 .N
gi g srlo

ni ctl

4.) (1)

0 14 b0
44 MONO AN

UAW 14

W

0
W O1-4U

14 b0 14 14 N

(t1 g 1Tj a Cal 71

tTO 10 11 CI!

b

1,4).10.r1 .144.4
cc) 4-1 14 b0 A (0

H ft 49 'A t"rgli Orj

iJ cd 0 41 4-1 in 04

04 (T) 'rI 0) 71



1

14 44 f-1 1

CI

00

tHNUW4-10
s-1 1-1 0 14 0

0) 44 4,1 0
10 1.1 CA tg

14)> ON

1:1

U
U 0 04 0

a 44 U 0) 44
i4.) 0 14
14 4.4 v GI
vi to V pi 41

k 04
be

41
0.1 t 1

ed
0

0 CO (.1 0 o0 0
/4 44 o 4 GI 40

14
4.) III E

v4
l rei

*dam 'CI 14 to

1 19 114 g 1:4314 ril g
4.4

4 4,4 14 Oi 4,1 Ili
Co 4.1 ..s4 r-1 r.1

Ar-1

(I o
4-1 d

00
G4(0 41

sa li 1 1 i d
INV 4) w

G1 1-1 0
O 0 0 1 1 0 0 41 arl
14 0 44 04 04 Xi 0 4.)
A 40 4-1 .r1 4.) /4 14

44 pO A (I)
Di -.1 co o c o f4 I>

03 40 g off
a 4.1 4-1 11 iv "a

10 13 /4 0 "I 01 t4
vl U 4.4 4J pl
to o) 4.) 00 0 ,13
cl 0 cd ri 4.4 U
pla 14 1:1 00 4) 4.) cl

ai 0 14 oi cd

1 1313
ttlrijj 1 Ili

O 1-1,1 il boo
14 o li 44 0 14
Ali 4'0 N 04r1

(11 0 0) 1 0 4)
Oro)

44 0 1r-1 4 0 A 0 1 *0 1 60 44 CA .00140.)ituto 41 thoovg
41,t, 4' 4 A g ° >1 :4 to S 1 41 co 4 co

A 41 0
41 Ti 44 A 1.1 111 114 0 Q CO 111 -ri 11) 10 Cli (1) $4 ql by) 14 4.)

a F1 111 9.1 v-1 0) 1

HO (013 iito cad Uri 4.4 el4 . 1 .tri.) g t i T i 4 4 o lial. 4 . ) 9 t o 4 ) U (g 04 ,V ; 4 4 1 1-41 0 li
0 01 4.1 0 4) 4)

43) tO '11 ) C! 4-1 0/ 14 "0 I-1 1 1 H 0.11 00 $4 0 24 01 0>0 A 4 41 "1 14 411 0 1 14 0 0 bp 0 (11 1 Ell 4./k 49 1404 41 49 Xv14000 > 1 04100 OW OW ctl (1/ 01 U to 4) 0) 01 03 k CO00 il r4 r4 CO 4.) srl 0 "4 1.1 Ctl 0 GI (1) A 0 u eN tO 0 a 0cl 111 Q) o r-1 03 ii P. 1 T1 U 0) 4.) sil CO o 4 irf (1) g A o 1-4 k r) 0) r-1
v$' fi e, ti.i Li g clAro V 21-11:1 2 5 srI g ''' u 3 4.1 w Opp 4.1 14 ss 04 /-0 14 (0

04 (.11 (11 N01 0 t4 0 r1 0 4) 0) 03 r-1 U R tO 14 0) U 40 14 vi pol e I ewN, 1/2.00 0
01 r/ rg 121 4(j1/ t1/1 :11 $4 0 *ti 14-1 &I t44 1 4 ) °W" 40 h) C') g H.) 4 .1 C11 °

0 00 LO C1 n 4) CO

04 41 %.0 .0 4' b0 4
ti 14 r) tr) rl '11 N AI ti i 0 41 SI g iti 8 a 0 Li til 701 i PI A iri tio 0 .../ co. " 0) 0
VI ° AI 4 I :1 g ; il 4 j g P g 1°4 I,e 1 .r9 ti (i)) N ?? 1 43 CO ill T1 0)

0 (0 pi 0 G1 14

4J
a v-; w b0 ttj ° 0 -4.4 rf 4,) w o w C14 4.) 0) 14 (I) v. 1-1 014-1 (0/,4 4)01 ,0 44 14 14 a 0 CO r:1 44 01 oi Clod 11) 4-1 i 00 r4 04 14 till 14 o>

1
t 01 Vi 19 0 ) ° i C; 13 V) 4 a ''' .2 g fil t4io ci) 1 i f4 'ol w 04 1

0 o k o ." 0)144v-1 004003
`01 ° 1 VA to II 3 '1' to' to .1 1 to !)' '49 t; toll 8) f-i 1

I-1 4-i 4.1 0 G1
CO 01 14 0 trl 0 A

Id 00; [rig Au ;iv 4:0 04; cil tbo w0.1 141 sti;:14 49 4 1440) *Pi 001 it 41 4.141 tj41) 144) .19 1 41 2 I 4.1 Au> /4 4-1 u 04--1 4.) ri 4,1 or4 t0 t.1 14 0) 4 til .r1 IV 4 41 40 4.) 01 0001 I-1 (1) 111 0al CO 00 0 VI VI 4 41 '11 tO
1A.1

00 o) 4 0 ri > 0 )4 orl
44 CO 4 : 1 1 ' 4 1 v ii u '+ 4 8 4j tOr 'VI ry g 411 g C.1 V

(34W 441 01'40 49 4:460 ri4.1:144

60 44 1./ 4 14 4.4
ri 0 to 4.) '0

Lg4 ri: Id t:i !cd 44J6 .gel(': v; 11.14 1 461 rrili4) flaC:Iii : L'w V4c18 21 141 ri41 11 4-1 44 IV 0 N

1

0 (1) 4./ tO 4) 0
14 44 4.1 (0 14

CO 0 4.) CO .1-1 4) 04
(1) '0 0 A 134VI 164 1.3 4) 41 6 I PIN' ?) gi 4%1 49 13 i -1 V A f) V4 IN .14,141 cidg 4) so 04 '0 E-1 (0

14 tit ji iii+ 4 44410j i sr!
td

tut tioci rpm li :I" 11 (08 i 440 1 1-14 2`)04 1114 I 0

: 101111:14 4'1O1 utgg4471 00 o° 4) 1 r4 0 (1.4 7114 44

Ai r4
013

11 1141 it) gill 111%1 Ale 41:44u.0(1) t)ti 4 12'49 ral g i a Ti
A o 49 144 A A :1 4 4 i ,a I u LI 1 A V" rlk to"4J u Vi 1 ol 1 ,1 rU 4.1 44 0) 0 4./ 0 r-1



plains, "In fact, planning done by higher and lower
organs is generally simultaneous, and the directives
and approvals are ogten replaced by bargaining and
mutual agreement."91

Chronologically, for the annual plan, general di-
rectives for the plan year should be formulated early
in the preceding year by the Politburo and Council of
Ministers. The Academy of Sciences, Gosplan, and the
GKNT, representing their respective areas of R&D, co-
ordinate and establish the basic objectives, render-
ing them more detailed and comprehensive. The GKNT,
in particular, has overall responsibility for plan
formulation on the functionally oriented program
plans. "Control figures," or preliminary plan as-
signments, are transmitted down the respective hier-
archies--Academy, ministry, republic - -to the perform-
ing organizations. This stage should be completed by
the middle of the year.

Establishments prepare draft plans which are rout-
ed up through the hierarchy, aggregated at each stage.
They are considered and reconciled (with bargaining)
by the triad of central management organs noted above.
This stage should be completed by the end of Septem-
ber. Plans are then approved by the Council of Min-
isters and the Politburo, approved by the Supreme So-
viet, and transmitted down the administrative ladder
with formal and official plan assignments specified
at c- .h level. Preparation of five-year plans pro-
ceeds in a similar fashion with, of course, a differ-
ent time frame.

Integration of the various sets of plan targets
contained in the separate plan chapters is highly im-
portant and sometimes essential. At the least, for
example, supply and production targets must be large-
ly consistent, but the same is true for R&D and es-
pecially innovation targets. The latter assignments
generally disrupt normal establishment operations and,
if not accounted for in the plan, may thereafter
threaten fulfillment of primary production tasks. On
the positive side, primary production assignments can
function as a strong stimulus to innovation if they
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versely, the role of planning agencies, certainly
Gosplan and probably to some extent the GKNT, is lim-
ited. While their formal powers are well-defined,
they normally function in the more deterministic
world of production and innovation. The relative au-
tonomy enjoyed by the Academy system clearly is at-
tributable more to the nature of fundamental research
than to any conscious decision on the part of the re-
gime. Indeed, any degree of autonomy is likely to be
granted grudgingly.

This leaves open the question of how the leader-
ship influences the course of Academy and university
fundamental research. While certainly not well de-
fined, the process of issuing "basic directions" for
science and technology appears to be significant. Un-
like plan targets, basic directions do not have the
force of law. In an important way, however, they
partly substitute for plan targets in areas where
(1) superior agencies are not qualified to fix de-
tailed plan assignments, or (2) superior agencies are
not administratively capable of determining approllri-
ate targets.9' The former concerns situations where
the performers themselves are uniquely capable of de-
termining the specific course of their work (e.g.,
Academy departments). Political authorities, for ex-
ample, would not regularly presume to judge the mer-
its of this or that research project in theoretical
physics, but, by specifying the broad objectives to
which a department's research program should contrib-
ute, the leadership guides the selection of assign-
ments.

The second condition is more interesting because
it is pervasive in science and the economy. Optimal-
ly, decision making at all levels should be channeled
by a combination of specific orders, incentives, and
penalties to assure that all activities contribute to
the accomplishment of goals set by the central lead-
ers. In fact, decision makers frequently have sub-
stantial autonomy, either because activities under
their jurisdiction have not been adequately encom-
passed by the instructions of superiors or because
elements of these instructions may conflict. In such
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instances, the basic directions provide a set of
highly visible priorities to which decision makers
can flexibly relate in deciding problems of choice.
Basic directions facilitate the practice described by
American observers as "decentralizing through prior-
ities." In an important way, then, they form "a
parallel mechanism to the plan, ideally correctin
for the plan's limitations and contradictions. 1,10u

g

Finally, the significance of the "basic directions"
has been attested to in a message by General Secre-
tary Brezhnev to the Academy of Sciences on its 250th
Birthday:

Scientists and specialists in the various
branches of the natural sciences, technol-
ogy, and the social sciences have given and
are continuing to give the Party enormous
help in accomplishing all these tasks and
in working out plans and implementing them.
For this, the Party gives them all heartfelt
thanks.

However, comrades, in the future you will
have to work even harder, more persistently
and more effectively. We have no intention
of dictating to you the details of research
topics--that is a matter for the scientists
themselves. But the basic directions of the
development of science, the main tasks that
life poses, will be determined jointly. 101

In the industrial ministry hierarchy, research,
development, and innovation objectives must be incor-
porated with other economic goals. The character of
R&D at this stage, especially the increased predict-
ability of results, eases the task somewhat. The dis-
aggregation is usually straight-forward, although dif-
ficult to realize in practice. Targets of all-union
importance, by way of the GKNT, are included in plans
of ministries along with tasks of branch significance
initiated at that level. As a rule, the technical
administration of the ministry is charged with formu-
lating branch targets, a process which in principle
is conducted in close coordination with the economic-
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incentive funds. In short, contractual condv.ct is
not a primary performance indicator for Soviet insti-
tutions or a significant force in Soviet economic
life. Furthermore, contractual relationships and
commitments between performer and consumer establish-
ments do not include supply organizations and hence
do not influence the latter's behavior in meeting the
needs of contracting parties.106 The system of con-
tracts as such does not and cannot insure the mutual
responsibility for the fulfillment of assumed tasks.
It is not an effective legal instrument for conduc-
ting business. Its bass deficiencies are a contin-
ual reminder that the Soviet system is fundamentally
a system of administrative rules and plans, not a
system of law, at least in the Western sense of the
term.

Multiagency Programs

Earlier in this chapter we discussed the procedure
and criteria for designating inprtar4L S.ST problems.
By design, all elements of the problems are. delineat-
ed with relatively little c.,nsideration f the organ-
izational infrastructure sL:1377ortf. research and de-
velopment. The leadership in:_ends that the problems
be defined on technical and economic grounds a=d not
be artificially circumscribed by organizational con-
siderations. Partly as a result , most problems are
of interbranch importance, sr,metimes involvin&- facil-
ities from all of the R&D hie-.:-archies. Hence, spe-
cial plans or programs are developed to direct work
on such problems.

In she Eighth (1966-1970) and Ninth (1971-1975)
Five-Year Plans the main managerial device for inte-
grating the whole complex of tasks and projects in-
volved in solving a priority SST problem was called a
"coordination plan." In the Tenth Plan coordination
plans have been replaced by "scientific and technical
programs," which are generally more comprehensive
and specify more clearly the introduction of results.
There were approximately 2/.Cr coordination plans and
are now about 200 programs, the reduction in number
largely accounted for by the greater comprehensive-
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ness of programs. Responsibility for a particular
basic problem is assigned by the GKNT to the most ap-
priate ministry or department, designated the "head
ministry" or lead agency. As a rule, the latter is
the main consumer of the results of the solution to
the problem.

By their nature, basic S&T problems are large-
scale, complex science policy efforts. The 246 prob-
lems in the Eighth Plan, for example, were broken
down by the lead agencies into over 3000 assignments
and projects and distributed to appropriate perform-
ers. The USSR Ministry of the Chemical Industry, for
example, acted as the head ministry for 14 basic prob-
lems. R&D organizations and production units from
more than 20 different ministries and departments were
enlisted to work on them. At the same time, R&D fa-
cilities of the Ministry of the Chemical Industry
participated as coperformers in nearly 150 projects
for 51 problems under the auspices of 27 ministries
and departments. Similarly, the USSR Ministry of
Heavy, Power, and Transport Machine Building was re-
sponsible for solving 10 basic problems In which 23
other ministries took part. This ministry, in turn.
worked on more than 240 projects dealing with differ-
ent priority problems for which other ministries were
in charge. In total, more than 65 all-union and
union-republic ministries died agencies as well as
over 350 performing organizat'.ans were involved in
the activity related to this select list of problems.
Some problems alone had as many as 50 or more insti-
tutional paLz_icipants.1°7

The overall magnitude of effort remains about the
same for the current 200 basic S&T problems. The to-
tal number of ministries and departments has climbed
to over 70 while the number of performing establish-
ments exceeds 400. With the transfer to more compre-
hensive work programs that extend through the innova-
tion stage, the average number of organizational ac-
tors engaged on a given problem has grown. In addi-
tion, the USSR Academy of Sciences is involved on
more than half of the 200 programs. About one-third
of the basic problems also entail the participation
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of various East European states who are members of

the Soviet-led Council for Mutual Economic Assis-
tance.108

While the GKNT has a central role in establishing
methodology for program formulation, in approval of
draft plans, in authorization of funding, and in mon-

itoring implementation, the branch ministry or organ-
ization selected as the lead agency is accorded pri-

mary operational authority and responsibility. The
lead agency drafts the plan or work program for the
problem, distributes specific assignments, arranges
for financial and material support, and accepts the

completed work from the various performers. In pre-
paring the plan, the head ministry creates a commis-
sion of experts from various organizations which
works in close collaboration with the scientific-
technical council and the technical administration
of the ministry as well as the R&D facility selected

by the ministry to be the lead scientific organiza-
tion for the problem. Through the expert commission,

the ministry sets preliminary assignments, determines
possible prrarmers, including organizations under
its own jurisdiction and subordinate to other minis-
tries to whom certain portions of the work can be

contracted out, and fixes approximate deadlines for

implementation. These are then sent to the appro-
priate ministries and agencies which, directly with
their R&D units, consider the possibility of meeting
the targeted technical goals within suggested time

and cost c-)rstraints. Some performers come back with
counterproposals regarding deadlines, financing, and
technical criteria. To settle unclear issues and to
facilitate final agreement, the head ministry organ-
izes bilateral and multilateral discussions. Any dis-

putes that cannot be resolved by interagency bargain-

ing are arbitrated at the GKNT. The final draft ver-
sion of the plan or program is also sent to the GKNT

for adjustment and approval. The organization of

work on a basic S&T problem is illustrated in Fig-

ure 10-4.

One issue which is still not settled is the extent

to which the lead agency can impose its authority
over the facilities of another ministry in the event
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FIGURE 9-4 ORGANIZATION OF R&D FOR THE SOLUTION
OF AN IMPORTANT SST PROBLEM
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of conflict between program and branch assignments.
Clearly, the authorities attempt to preempt such.oc-
currences by requiring that program assignments be
fully incorporated in branch and establishment plans.
Presumably, this is an area where the authority of
the GKNT can be exerted. Interestingly, one of the
developmen*-s in the transfer from coordination plans
to programs is enhancement of the role of the GKNT.
Where a single ministry does not dominate in a pro-
gram, the State Committee can assume the responsibil-
ity of project distribution and direction. Examples
of such areas among the current 200 programs are com-
puter technology and environmental protection. 109

To illustrate both the size and complexity of such
plans and programs, it is of interest to recount in
some detail the experience of developing the advanced
thereto- electric turbine. Each of the involved organ-
izations is represented in Figure 10-5 by administra-
tive affiliation. The prototype T-250/300-240 tur-
bine was created as part of the solution to the prob-
lem, "To Develop and Take Measures to Ensure the Fur-
ther Development of Centralized Heat Supply for Cit-
ies and Industrial Enterprises." The latter was one
of the 246 basic S&T problems included in the Eighth
Five Year Plan. The lead agency in this instance was
the Ministry of Power and Electrification. The fol-
lowing tasks were included in the coordination plan
for this particular project: -10

No. Nature of Tasks
1. Issuance of the tech-

nical tasking for the
design of the turbines

2. Examination and ap-
proval of the prelim-
inary project design
of the turbine instal-
lationb

3. Approval of the tech-
nical project design
of the turbines

1
-4" 142

Responsible Performer
The scientific-techni-
cal council of the Min-
istry of Power and Elec-
trification

The scientific-techni-
cal council of the Min-
istry of Power and Elec-
trification

The scientific-techni-
cal council of the Min-
istry of Power and Elec-
trification



4. Outfitting the primary
test bench for the as-
sembly and testing of
the turbine

5. Building the prototype
of the turbine genera-
tor

6. Manufacturing the feed-
er turbine pump for the
turbine installation

7. Constructing the test
stands for full-scale
trials at the Sredne-
Urals combined heat and
power supply station

8. Assembly of the pri-
mary and auxiliary
equipment for the Mos-
energo electric power
station

9. Conducting start-up
operations and testing
the blocks with the
T-250/300-240 turbine
at the Mosenergo elec-
tric power station

10. Checking the vibration
condition of the ro-
tors, stresses in the
vanes, temperature
fields and transfer-
ences under different
conditions of turbine
operation, and check-
ing the system of con-
trol and oil supply,
the economy of the tur-
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a

bine generator, and char-
acteristics of the heat
exchangers in different
operating regimes

The technical tasking is compiled by the organi-
zations that order the equipment for the manu-
facturer and contains all of the basic require-
ments of the consignee: unit power, basic steam
parameters (pressure, temperature); parameters
of the extracted steam (pressure, temperature,
amount), the magnitude of vacuum, assigned tem-
perature and amount of cooler water, specific ex-
penditure of heat per generated kilowatt hour,
etc.

bThe preliminary project design is compiled by the
manufacturer of the equipment and serves as the
basis for developing several variants of the or-
dered turbine. The elaboration of several vari-
ants is required for the final choice of the tur-
bine by the consignee.

cThe technical project design serves as the basis
for the final development of the thermal and de-
sign system of the turbine and is done in accord
with the approved draft design based on the va-
riant selected by the consignee. In the techni-
cal design all of the basic qualitative indica-
tors of the turbine are finally refined: the spe-
cific flow rate of heat, vacuum, internal effi-
ciency of the cylinders, etc. The technical de-
sign is examined by experts of the consignee and
is approved by the latter. The technical design
also determines the manufactured price of the
turbine and is the ba.sis for drafting the working
blueprints and other technical documentation of
the plant which is manufacturing the turbine.

Each task was also divided into separate work stages
and projects.

Later, in the course of installing and adopting the
turbine it became necessary to make certain changes
both in the design of the turbine and in the thermal
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FIGURE 9-5 ORGANIZATIONS INVOLVED IN THE DEVELOPMENT OF THE T-250/300-240
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system of the generator. In general, the changes
fell into three groups. The first group included
questions involving modifications in the technical
documentation for the working design of the turbine
generator. The answers to these questions, for the
most 1-_,rt, were handled by the electric power station
in collaboration with the organizations that helped
install the equipment and put it into operation.
Usually, by decision of the Chief Engineer of the
electric power station or the Moscow Regional Power
System Administration, a group of specialists was set
up to handle particular problems. The group included
representatives from the design, layout, assembly,
scientific research, and other organizations, as well
as the manufacturers of the primary and auxiliary
equipment. After this group of experts arrived at a
decision, the general designer made the appropriate
changes in the operating blueprints and the consignee
issued an order to the assembly and installation or-
ganizations to carry out the work.

The second group of changes included technical de-
cisions regarding alterations in certain components
of the turbine installation. Responsibility for solv-
ing these matters lay primarily with the manufactur-
ers. who supplied the required new parts and attach-
ments.

The third group of changes included problems that
were first identified during operation and layout,
involving aspects in the operation of the turbine in-
stallation that were not noted earlier. Here the
ministries of the consignee and of the equipment man-
ufacturer organized special expert commissions to ad-
dress the problems. One of the most serious diff i-
culties that arose during the initial period of in-
stalling and operating the turbine concert d poor vi-
bration stability of the turbine. In this instance,
a decision was made by the Scientific-Technical Coun-
cil of the Ministry of Power and Electrification,
with the approval of the Ministry of Heavy, Power,
and Transport Machine Building, to create a special
expert commission to tackle the -roblem. Representa-
tives from participating organizations in both minis-
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tries took part in the work of the commission. The
recommendations of the latter were examined and ap-
proved by the Sc-ntific-Technical Council of the
Ministry of Power and Electrification. Finally, the
two principal ministries involved made a joint deci-
sion on the matter, which facilitated its solution in
a relatively short time. 111 The whole process il-
lustrates the role of expert commissions and the
place of bilateral and multilateral consultation in
Soviet R&D decision making, and especially in the
distribution and coordination of tasks.

Not all coordination plans were as well formulated
and organized as the above example, however. Concep-
tualization of problems was frequently inadequate so
that the coordination plans were "a hodgepodge in-
stead of a network of logical systems. "112 Some plans
were unwieldy and included activity that was not rel-
evant to the problems being addressed. Other plans
consisted of small projects inappropriately named
"basic problems." Various stages of work and pro-
jects were not correlated. Many of the plans were
not oriented to goals. Some had no fixed objective
at all. Ambiguity in defining goals and assigning
tasks led, in turn, to gaps and incoherence in pro-
gram development, which resulted ultimately in the
delays, cost overruns, and duplication noted earlier.
As M. A. Gusakov concluded, "In essence, the mix of
tasks for a bass c. problem is chosen to a large extent
by intultion."11-5

The replacement of coordination plans by SST pro-
grams seeks to remedy these deficiencies. Much more
than before, the accent is on the actual introduction
of R&D results into the economy. Coordination plans
usually reached only to the stage of creating proto-
types of new items, trying out new processes, or is-
suing recommendations for series production. How-
ever, some new ma-'ines and designs were held up for
years at the recommendation stage. The new programs
emphasize bringing the R&D forward through the inno-
vation phase. Hence, more than 60 percent of the
machines, equipment, and instruments as well as 80
percent of the new processes, materials, and data
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processing systems being developed in connection with
the 200 basic S&T problems in the Tenth Plan are "pro-
grammed" to be put into production or use. Timetables
are fixed for intermediate work stages as well as for
final completion. The design and construction of pi-
lot plants, and the creation of industrial facilities
assigned primary responsibility for the manufacture
of new items, are also stipulated. The old coordina-
tion plans rarely specified these assignments. A pro-
gram, then, is a more comprehensive and systematic
grouping of assignments than a "coordination plan. 114

In addition, the procedure for drawing up S&T pro-
grams has changed. In the past, coordination plans
were prepared mainly by the lead scientific organiza-
tions and the technical administratior.s of the minis-
tries; these were not always coordinated with the oth-
er functional divisions of the ministries. To inte-
grate more effectively science and economic planning,
the process of drafting S&T programs has been made
more of a collaborative effort involving the entire
ministerial staff. Comparing the old system of plans
with the new system of programs, Nolting concludes,
"Although both combined and coordinated all of the
projects relating to a given problem, the redesigna-
tion is more than a change in name."115

At the branch level program-type planning, called
"continuous" planning, has been implemented experi-
mentally in a few ministries. Such planning is done
in concert with a special form of financing R &D, the
Unified Fund for the Development of Science and Tech-
nology, which consolidates the funding of all stages
of the innovation cycle. A lead research institute,
design bureau, association, or enterprise is designa-
ted, and all work stages are implemented by an intra-
ministerial contract called a work order. The struc-
tural similarity to interbranch programs at the all-
union level is apparent. Because such plans are
closely tied with implementation and incentive and
financial policy, discussion of them is postponed un-
til the next chapter.

In summary, the importance of multiagency programs
is attested to first by the criticality of their
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themes and the significant amounts of resources which
they command. At the same time, formal procedures
for multiagency planning techniques are a relatively
new development, still clearly undergoing modifica-
tion. Multiagency programs offer great potential for
improving coordination across organizational lines,
but they made create significant problems if merely
superimposed on the traditional branch planning struc-
ture. Soviet authorities recognize the importance of
careful integration of program and branch assignments
to avoid sending conflicting signals to the perform-
ing facility. Evidence is still fragmentary concern-
ing evaluation of the scope of application and manage-
ment of multiagency programs; therefore, it is unclear
whether the significant benefits of such programs are
being fully realized. It is also too early to tell
the extent to which the shift from coordination plans
to integrated programs overcomes some of the faulty
systems planning and management of the past.

THE DECISION TO IMPORT TECHNOLOGY

Though the Soviet Union has long imported technol-
ogy and machinery from abroad, the decision to ac-
quire foreign technology was not made until recently
an explicit and integral feature of R&D policy plan-
ning. A number of Soviet surveys conducted in the
mid-1960s disclosed that few research institutes pos-
sessed, much less used, comparat data on foreign
technology and Soviet products.1-'-) )uring the spring
meeting of the USSR Academy of enzes in 1965, it
was noted that many of the items included in the plan
for new technology and slated for development by 1970
could, in fact, already be bought from the United
States, Japan, and Great Britain.117 At this time
little attention was given to the purchase of foreign
patents and licenses or, for that matter, to the pro-
tection of Soviet inventions abroad. Only in July
1965 did the USSR begin to adhere to the Paris Conven-
tion for the protection of international property. In
general, the idea that it may be cheaper and more ef-
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fective to borrow technology than to develop it do-
mestically is still somewhat novel for Soviet deci-
sion makers. As Robert W. Campbell points out, "They
have surely often thought it would be convenient to
solve some problem with foreign equipment, but the
notion of a conscious policy choice to be made rou-
tinely an systematically is probably still not very
common."li°

Three factors in particular have contributed to
this situation. First, the planning of R&D has been
oriented to building up S&T potential that can serve
as a basis for the solution of future problems. The
planning of technological innovation and utilization,
on the other hand, has been geared to solving current
production tasks. The two spheres of activity have
generally been decoupled, and each has proceeded more
or less on its own. Second, the time factor and the
"cost" of time have not figured prominently in R&D
decision making. Only since the late 1960s have ef-
forts been made to extend, the time horizons of plan-
ners and to make the five-year plan rather than the
annual plan the basis for S&T Third,
the Soviet R&D establishment has been inward-looking
and has tended to display a "not-invented-here" sen-
timent. As a recent article in the Gosplan journal
noted,

There are more than a few examples where min-
istries and departments try for years to solve
through their own efforts problems that have
long been solved in other countries. In a num-
ber of cases the leaders and specialists of
certain scientific organizations consider the
decision to buy licenses as testimony regard-
ing their own S&T inadequacy. But only a pre-
cise and competent opinion as to how each item
and process compares with the world standard
and to its prospects for further improvement
should be an important consideration in the
decision to accelerate our own research and
development or turn to the acquisition of a
foreign license.119

150



prtmoRHrt44HM0aHlo 94M < NN CH0 V WO 0 A H

mnnolocurinoop
m4M0HOHMWHPIpPci ; R° .1.1 O Pg t7 41

OaHH 00H4MV1104W010 Mr101;giggi
itVipgrtWrIAHOM MMH rtHOMOM WWM 00H

OMHIAV
WOO+ Or p00 VI2MMROPtglgDOF00 Blal?"41V4011
;V mpirtHoop41-1.0P

cmon aoRtilmi-row
mp o ViJaHIAOP 1:1140g0F4Vi

claO MMOMhH0004h0V0O, W PO HoPp
014104 m

H4PahH MHOM 000w opo 414400,4 WHolo OHli
(01.41A1 nOWHwO

wil) o wooM 00Vm4o ooPio0 0
v00

040MV4Mo rtoMn MH.I.A. 14. OMmOmt"ri4HAM 5ligiriM4m
"""ir01611M !

P rptPIIHMEill (mplid"r011144milW0amilgoortmHoon prtprt OMM Hp0 0

164NUorri:miW
cli w p. o Pi Oa 0 V H el PI Fa o O tilitulaggtOlmPa pinto

IA rt (t)
1-1 rt r t H . n e a

M V P m w 4 O a IA PI "i

0 IV Q 1.4 14$ (1) gl"NoP14 H HO MOOV 00010$ POIggrOlOalMOVIA hOO O0 IAN
rt onomm WHOh1100o0 WOO OH 040oHo OPO4FM0141,14

H 41M0 MO
VOrt P' FA 0 rt M H.° o H m ill to, 0. wij :,-b, N ti."). roi. 454
(porno oan4mrt n "Igro1119111gti)4

in 111 fl I-4 i-i 4 ct HI IlIntO(AMN CI (M) tr4t a 04 rt 11 rt p rot rt 0 re g' gu o 1-1. rt

H O l t O a s g r t 0 r t rt r i rt A4 6'4 N n IA rt KC4410WV4gto
HOOM01-4011 PIOrtWV?4aa(MP' V PV 0h0Ow mMt0 V maimplAP/ OPIHOMOMwo0

5'1A4107-4(04:0 orno44 IA rpliNTril"arPoti OilltiWipht4IA (1) A, Co H H P.Og ci,

itliPnvlitIVIrtro4 ri4umicr;oirtsgrni, N3roMn4"t;'
1-6 0 11) a 1.4 0 0) 'd (D(11)) 0 o o rt H o o m 1.4 o o H. H FA zrt V?) (ori oil rj. rt

WrgAliVoom mm
41-ollovralo;la frp)tti i-+ N " 'ill Al V11)14 i litti g N. (HI.

R. t 4'. 14 g ri II g 0 0. ti f-)1

oVIAHHMIAOM 0110
IA m coo4mowtno4 400o M 4

grtmnTrtglq00"nq ov.a, M C 1-4 p4 co n 0b rn M 4 M P

o410g1PWO 6181190W0a, m nnow cr
om mnHilHn M1MemOloin

I
it t-i. OH V'Thge54

1.4.0 ring) 0

Mrper111(740.41 k4nrK "P30 "V0 ce 0 P to ylik4 MPTOW1944
PAHhiAoH_ owroowno 44mompsttlAgp. ot4 rtvpntomomrs
VE) Pt rt 6" '7) i'r)) ii 1 Mts 64 " 2 V rt rtiboonIA rtH oono1.4m1JH
HI..immmmrtm4 0 al 0 oP4 WM :CP Q 4 rt (n (1) Co< P)1.4 No r3144

it(11101R?Ii
OQ 'Ll V 1.4

r1g0111191P4M2H110" 11) kC 13 IA 0.1 rt co 1-1 Id k4
rt rt 0 1 rt A) 1-1 VzsgP rt qtEgilq"""Ig g7 go7n'ill (V41

p'll MIOH.OVOW O 00-41 M
I I II MIM IMI hl 1 o I



with, the types of patents and models to be acquired,
the equipment and materials needed for the assi"ila-
tion of foreign technology, requirements for capital
construction, the R&D performers and industrial fa-
cilities to be assigned to the adaptation and instal-
lation of the imported technology, legal rights and
obligations in the use of this technology, and the
estimated economic return from its adoption and dif-
fusion. At the same time, a determination must be
made of what scientific R&D projects should be termi-
nated after purchase of "Ireign patent.121

The extent to which these new procedures are ad-
hE...d to and the overall impact of changes in import
policy on the planning process are impossible to -

sess from available infomation. Calculation of the
economic effectiveness of technology, we have
seen, is still fraught with many problems and defi-
ciencies. Methods and criteria for evaluating the
effectiveness of foreign technology au? the compara-
tive advantage of borrowing from abroad or building
domestic capability are only beginning to be devel-
oped. According to one Western authority, "So far
it appears that planning calculations of this type
have had little role in the actual planning of ex-
ports and imports. 122 In addition, decisions to im-
port technology are still limited to high priority
problems and projects. For the bulk of Soviet R&D,
the inside-outside choice simRly does not arise. Bor-
rowing is not a real option.143

More generally, these changes in R&D policy plan-
ning have coincided with considerable exp.t..n.ion of
Soviet participation in international tr-,de and tech-
nology transfer. Reasons for such expansion are typ-
ical: a combination of certain pressures which in-
duce international cooperation, such as global envi-
ronmental problems, and the standard benefits which
accrue to all who take part in -!nternational di-
vision of labor in science and L ology.124 In-

creasingly, Kremlin authorities a come to realize
that it is expensive--and not necessary--to reinvent
the wheel and to be self-sufficient in all areas of
science and engineering. They have also lome to re-
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3. Production assimilation of new industrial
products

4. Introduction of advanced technological proces-
ses and mechanization and automation of pro-
duction processes

5. Sale of Soviet patents abroad, purchase of
foreign patents and models of new products,
and their utilization in the USSR national
economy

6. Introduction of computer technology into the
national economy

7. Establishment of state standards governing the
most important types of products and metrolo-
gical support of the national economy

8. Introduction of scientific organization of la-
bor

9. Basic indicators of the technical and economic
level of production and output

10. Financing of scientific research

11. Training of scientific personnel and science
teachers-130

The content of each chapter is self-explanatory. Cer-
tain chapters are concerned with a general category
of R&D, such as the introduction of new products;
some pc-rtain to a special category, such as licensing
or the application of computer technology; and still
others focus on the establishment of operating and
evaluative criteria, such as standards and technical
indicators, which support the remaining chapters. In
addition, the universal correspondence between phys-
ical and financial flows is exemplified by inclusion
of the financial plan.

At the stage of the intermediate level m==lagement
organs, plans become more concrete. Plans incorpo-
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rate targets specified in chapters of the national
plan, but are organized differently in relation to
the character of the R&D in the hierarchy. In the
Academy and university systPrnci, the program or pro-
ject is the centerpiece of the plan, with most indi-
cators concerned with measures of inputs (e.g., wage
funds) and the scheduling of work. Emphasis is also
placed on specifying the ultimate user of results,
and calculations of economic return are required
where possible. Plans in industrial ministries are
oriented to the application and introduction of R&D
results. Branch plans contain divisions that corre-
spond to and derive from the macro state plan divi-
sions for tine assimilation of production of new types
of products and the introduction of new processes.
There are also divisions for improving the stock of
equipment, the organization of production, and the
quality of output. The annual plans of the branch
ministries also include a special division for sci-
entific research and test-design, which lists the R&D
assignments under the special programs for solving
the basic S&T problems.

At the performer level in the hierarchy, the struc-
ture and ceIntent of plans correspond to the orienta-
tion of the superior organization's plan and the char-
acter of R&D activity. Independent research and de-
sign facilities draft five-year and annual "thematic"
or project plans in which the central object is the
research project. Nolting observes, "There are no
standard methods and forms for drawing up project
plans among scientific organizations that are under
different ministries and perform different kinds of
work, but there is a basic procedure and set of re-
quirements."131 In general, project plans have two
main sections: one for R&D conducted within the fa-
cility, the other for assimilation of finished R&D to
be transferred to the appropriate production organi-
zations with the advice and assistance of the scien-
tific facility. 132 Information in the yearly pro-
jects plan includes the following: the general vol-
ume of scientific research and experimental design
work for the plan year; the expected economic return;
the periods for completion of work on each project;
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estimated costs; the sources of financing; the ra-
tionale for including the work in the plan; and the
designation of the industrial enterprise to receive
the R&D results for application.133 The emphasis on
defining ultimate uses is apparent and is to some ex-
tent a new element, at least in degree. Along with
the thematic plan, a "calendar" plan is developed
which schedules work by stages and designates per-
formers and inputs.

In the production enterprise, the "plan for in-
creasing the efficiency of production" or, as it is
generally called, "the new technology plan" carries
through the applied orientation reflected in the min-
istry's plan. In the past, five-year plans of this
sort were drawn up only in the larger enterprises or
production associations. With the Tenth Five Year
Plan, however, they have apparently become mandatory
for all enterprises.134 The annual enterprise new
technology plan, which has been a basic feature of
Soviet planning since the late 1920s, is drafted in
minute detail and contains the following subdivi-
sions:

1. Assimilation of new types of products and im-
provement of the quality of production

2. Introduction of advanced technological proces-
ses and mechanization and automation of pro-
ductfon

3. Introduction of scientific organization of
labor

4. Improvement of the organization, planning, and
management of production

5. Scientific research and experimental design

6. Basic indicators of the technical and economic
level of production and output

7. Protection of the environment and rational use
of material resources.135
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In each subdivision the documentation required on a
project basis is extensive and similar in scope to
the other examples already cited.

THE PLANNING SYSTEM AND ITS PARTS

In pr; iple, these numerous sets of plans, dif-
ferentiat_.2 along temporal and organizational lines
as well as hierarchical branch and functional program
lines, form an internally consistent and well inte-
grated "system" of plans regulating the research-to-
production cycle. In practice, however, there are
many "holes in the whole," and coordination falls
far short of its target. Given the scope and compre-
hensiveness of Soviet planning, this is not surpris-
ing. Perfect coordination is unlikely in any system,
partly because of the unpredictability of the results
of scientific research and development. But as mol-
ting observes, "Soviet R&D planning has been poorly
coordinated even if judged by standards less than
ideal."136

Only since the late 1960s, it may be recalled,
have Kremlin authorities pursued a policy of inte-
grated systems planning of R&D, innovation, and pro-
duction- Even today such a policy is applied, for
the most part, only in high priority projects. Soviet
planning is generally still of two kinds: "compila-
tion planning" and "implementation planning." The
former involves primarily a listing of assignments
while the latter entails more systematic and delib-
erate efforts to specify targets, to assign respon-
sible performers, and to coordinate tasks. Implemen-
tation planning is limited primarily to the inter-
branch S&T programs of national priority and to the
continuous plans in certain branch ministries. Com-
pilation planning remains the predominant form with
results that are less than optimal. Again Nolting
provides the best description of the system:

RDI Cresearch-development-innovation] plan-
ning has often amounted to little more than
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a simple listing of projects to be carried
out without relating them to broader pur-
poses. In large part the projects are sug-
gested by lower units in the planning chain
and reflect the interests and expertise of
performing organizations. Many such pro-
jects are reported to be trivial and mar-
ginal in their technological benefits. The
proposals submitted by lower echelons are
not always -roperly screened and those ac-
cepted are not worked into coherent plans
consistent with the general technological
dil_ctians of the higher planning echelons.
In other words, RDI plans tend to be accu-
mulations rather than syn..rieses.137

The demand for techniques to view projects in a
total systems perspective is clearly felt and pro-
vides the impetus behind the systems movement in So-
viet science policy today. Network planning and pro-
gramming methods enable decision makers to perceive
projects more broadly as systems and to depict the
interrelationships among tasks to be performed. In
general, though, these are still new and untested
tools. "Many deficiencies in planning scientific
and technical progress," explains one Soviet science
policy expert, "are rooted in the lack of apprecia-
tion of programming methods and in the narrow front
of their application."138 Even for basic S&T prob-
lems, systems planning is still very much an evolv-
ing technique. A deputy director and research ana-
lyst at Gosplan's Central Scientific Research Insti-
tute of Economics acknowledge, "We have still not ac-
cumulated sufficient experience in drawing up long-
term SST programs. It is possible to say that the
formulation of programs in most cases is still in the
formative stage."13° On the branch level, too, prog-
ress has beer slow and limited in devel -ping program-
type planning. By 1974 only three mini =ries had
transferred to the system of continuous planning,
though by 1978 this number had climbed to 11. The
rest continue to plan R&D largely around separate
organizations rather than broad programs.



a I IA
1- to tO ' ft, '0

a) >, 1 0
1

i to ,ci co g I A I A: 1 0 1-1
I o g m14 p v A I a) col, in IA 4) w 0 Nb0b00(411)

0 0 0 0 1-1 1-4 4-i 00 1,4 0 0 $.1 4-1 i-4

1 Vi b.rii .4 'al 1 8 I f.) 'A' In 14 1 ta,' 0 s-4ra jo 1 44 dp444 o 4.) o ci
w +I 1.4 cn 4-1 U r-1 4-1 4.1 CA 41 -4 C.) U 4 4

4 '0 0 ,0 >) A 4-1 0 U 114 '0 4-I .Awcnouogg0 u
u 44 pl a) a) w a)pi u w 4 pi 4 w lu 4w4'14ipi :.R44v4.110.14,4,0000) (pogo ni 0 ,O0 il A 4) W

1.0 V 4-4 (1 t-1 0 OW ,0 I-1 0 0 r0 El 0) 4 0 0 44,1 4 i- Cal r-1 4) Z 0 0 4 0) 4-4

r2 2 U41) 4 ,`4.tl'° t--141-4 41 CD 0 pi u sri
WO 0 A &I 4 bei 1-1 1.4 .rl 4-1 ,0 r1

r-1 4 C.) Of po>, 44 44 I 0) 0)
41 60 0

a) m icii) g tc1) o ;., f:1)

.r1 4rIkrtic0000ZO>14.404-1144) U44/01-11-1 U1-10,-Ial
( 4 4 / 0 U N - 4 0 O 00 14 4 0 s-4 0 ,0 41 4) '1:/ b0 0 RI 0 UN

0.0,4 14 r-1 4 0 C O 1 4 4 ,c) 0 4) 0 f-I 4) P 0 1.-1 4 tO 4- AVI'llt'41(17AtHo0o 4.1 (3, 11/ 1-1 0 1.1 4.1
a) d r1:0 04 ,0 0 4) th 0 U) .r1 0 13

Tji :Li 1 A 4 ran) mo Oat 1 r-1 04 4) 4 14.4bocupr4flu i)ni.fc-Wri alp booirtw000rd.ri:3 I/ 14 w g (II .rti 71 48
1'd C.) 4 '0 4-1 (I

cl a N0 11N (-4OTIVWWOOgo VOOHW'r444 '140'0000 04 Nh 1-41 are-1 S-4 OD 0 11) b0 ,M4
1-1 (el 4 44 t 1:4 .4 tdi k 11

U W 0 4J o td u vi 0 0 O T1114144-14-J 0 61-1(d 0 U 4 N
44W494A m 000 ww,4011o00 w WNV44 al970420+410gZ1-°)440.121":640 .

ofqm owpioow m wo4Jbou
.1:4ArcalrilOg_mpo o 4.4wq

u) 4.1 co 4J o >4 CO 0) 1-44 m jr9"IA°° 2P.1"61414Miggglp000,-, IA
m k u N 1 4 . 4 0 i i t i r - I 0 ) HA Wacd4tduo w opilv114
1-11) 4100044u19 covicoo441 mum w oiri.1.4 14 H

IS e't7lIrg CI WV g
PC, 0-1 060PdA o Hooqongalprit4,0 tp

1-1 0 0 ri 11 'ri th 14 HirlPir" ''''rfi(!t4'4' ligO'r404-"(11TIwwg H14 bOWN Or.14-1 Ri(N0-10.1"1(00UV 14014 4"1(114-1 TipoMMO0 4WH W 0004.4.0
roTiAH OH Uf-1044J 0 0 tlf OH a -i

:211 .Irj ti1 49
'd

v51: .49
rd

el 19 p;mum w
01-1 mu0 u a m v R m ci4 o o N 60600 000 00 V 1: 00 0 4.) ID 44 4.I

1)3 biri 14 15 :4i le0 (!) A
dWt0b0 P'00'0,4 (1.1-1.r1 NO w.,,ogsprimi.m.9
vA bp cu ri ill 0 0 sti 0 0 *4 0 14 A e° :11 SI g. I:, .,1 to 0 5 Po 9:, to4-1 41 4314,-1 W4./ 03 yo 0,-11-1 .0 W

0 1W14 U 111.4(0004 AIWACIUL1441gevcd' 4 1 0 1,14 ti4 4)

wogUirg4 it 0 14 li 4 11 A 8 4 04 ce4 m iv :rd -1,-, 1.4 4-1 91 0
III 0 rd 14 VT.Iltj0 uli g o tl(').90o,,141 okla larg, h°4:lijkl'M I-I m ;4 0.1 04 cu ti .r.4 m u U pi

0 44 . 0 1-1 cO cl 001400 ^V a) ;3 Cli cc) ON4-1M4304.1r-1 0

g0111001.1.1Am
co 631-1> k 44,0 co 'f449p°Atlelowr(1.4g4,

tdi et' g 4.1:), '4J4(1 Ille, 41 V " 41 A ''Mv>itim 41 40 4) 4.1 > (I 0 al b0 14 4.1 W tin

W sri Gr 1 Ci 4.it 1 g 4 -1 il 0; ( 0 4 cij g t>6.111 CI. A (14.41',id (4 g (C11 t 4 0 :rei 141 :1 '49 643 41) k 08 %o h.g.Hti ......,. t.) g ti ,1 ti filpu 0 ,u zoo 4.14.) pH 01 r-1 01 1
lo II ON I-1 0 4) di 0:1 bb CO

04 0I 11 f ti U 0 0444 41 IrtigAe4tglgrittl?A 711491Vtat4Mit'ogg



'd rt CI) 0 ha. 11 0 1 N4 0 tt cr 0 0

6 5w "" t.rtwi-ionok<ca n <G 5. 2 ?-; 6 P. 0 titn. Pt. rat C Ii t (1 (8 Fel g 2H P itt) g I)pi o
0 M N. OQ rt il rt N. (a. nN 0 1-00 04 ; il r. ,. A? 14 04 M 11 fD 0) rt rt < Ou 1-4 (V F-6 H. F.4 M 140 ID M

0 H. 0 DJ n. Pi *-4 01 11 H (t) Pg H i. th-' 11 p wi Nap.
1.4 0 N. 0 M ID PI

rt 0 H P4 '4 (D A n fD A) rt CD tr) tl 0 rt 0 i-4 .e 0 '4 N. rt 0
M" (ii4 0 3 0 1 0. pJ.,rt. CMA I-I -,4.2

rtp<mov 11 t.frY fD I 0 11 rt 0 0 rt 0
t4 5. p ti Lk o rt fD 0 fD 0 0 A! 0 0 0 0 0 0 iv rtj' Pr, T 8 Pt." ru ... iT.000 Gok440'H11). 014 014 N. A) 4 onvta,ot-ti rianogion4H u) a) 0) k4 HN pCi) r,,,, p, rt ,, p, 1, o .1 h, pm, ,T u,;) cFL), 5. r ri crLi (;)1 mit rt: D E 44rt D'' (10 0 0 Cid4 rt 0 fD rt
04 0' AQ Hi al piotivo0F4 0)4 cok4Ortn nemnovrton5(D on 00 tinnonH rt 4 0) a 0 fD 1.41 [J.. %.rf 0 0 N 0 M al 1 1-4 0 rt 1 0 1-6.

P'..44 0 11 ti 0 fD H V 0. °) " 5"
o

t9;EjJ o) r171 F-i 0 14:34 r; Phi 461 (V)) V(D) 2 'i riti (/)14 f'i 0"a; 71) rt°* 0'4
rt Ot) H rt

rt 0 0 HI 1-6 0 V) rt 0 0 04
rt

: : co° n)I4 :. : Ort 0° 0 (1) 0 n 0 51 it-u) (c1)) gli g to) I.! ii. fie)) Lg. t-i n Co m ra. m i-a (t4, N

1/1 W 1114 (Oil VI M n il-)t Po ti R4
00 Hrt. 04

56 PCI PII g It:). rflt).4... 1 (Ti) 0 Si Il ((?) PI '0 " a Pt g " H O (1)...
ito' '?) t1)) '.-414 110 HI 61 Is w0 0. 0 P. o

(I. (A At 0 0 tA _4.

t-i k4 v (n rt m P H. tg ro 1-4 o Pia ro 1-1, a; 11.)

P W IA ti ti m o o ti
rt . H (C1-4004rt00011 00 H rt n 1-1 F4 0 g T-6I Irig 64 0 ID) FIA t'l0 1-6. 0 113 0 rt rt H 1-1. ID n Pi CD M n li (IQ 4 t-a

rt HI ID 0. MI 0 1-4 0 0 P. a. 0 0 N. WO 1-t) H 0 N (I rt H 04 ti H 0 k4
n " ;11 0 'Pl) 5"0"). 17: 7 P° H

0 IS R rt Pi 13 3
0. 0 0 0 0 4 D4 Fl. 0) fD 0 0. 0 0 A) P4 0 P. I'D M V fD ( V 0
rt 1-64 rt 0 011 E3 rt 4 0 0 CL. rt1-8 A) 0 0 IV N GI) 5. rt.) n to. poi m .2 . 9 (D 0 HI 0 M 04 FA 04

0) onroorp n 60 rt) o m 4 H L4 vrtoti vq pu rt N. 11 U) CD rt 1-6. 0
rt rt 0 rt 'I:1°) < Pti VN (.54 i-4 6 '1o rt .ri ti 0 t1

1 . . ) C f D C.. I D 0 0 I-6. c 1 1 ) 14 04 f l ) ( 1 ) 0 .44 0 ti 0 0 1 H 0 a' 0 00 It
0'm I-1 V' I-, t444 II M M 0' I-6 0 HI '1:1 rt rr ria) r 51 i3 rt cf1)) g' n ''' 2 Pl' rt (0') 5' rt rt (D 0 I" '0 '0

0 a' L4 n (o k4 gi)

ft) 04 0 ft) 1.4 0 rt 0 N. H ID 0 Po 0 0
rt M t o 0 4 OQ u ) o p) p l o n i n 0 (ft) (sr; rt " ri ° PI g PA trD1 'fil ("1"..4 0 ft)

Pa
Pt 5* "' rt.?) (1) Vo 41-1.0(i) (ow (00000no ('D rt N. 0' 0 1-ticrocnrt4 o :k4 HI D A) 0 H rt N. H 0 P, 1 P. rt 0 N. ti 0 M. H 14 0) 0 i-a. 0 fD 0. 0 0 0 H '0 ttl Pt G. A g O-3 5* Po.4 0 a rt rt kie (o a)

co ort (Dognrtft N. eg 0 6) 0 OQ t---
rtol-hrt 000c1Q4(DOosort (rDt 0 rt rt H. 1 0 M M P.

la 01-10 0Cert0n fo
H rt 0 ri r d f i Q f°-)t

a . 00 0 0 04 1D 0 0"0 III M 0 0 0 0 M H 14. 0 11, 0 rt 0 0 PO 11) M rr 0ft) H 5 vci) 0 0 rip 404MHrt MfDa40 P,r)'4 2 flj IC! tn)i FI) trt) " 0 (1 t 1' P 1 d4 Pi (1) " '') " a) N0) PA /1 0 11) (1)

' " ci. rt 0 rt 0 H Fi'4 04 M iv) (cD) (0)1 (rDt t.tt gal M 5. 8 CI)) ft rt 1-6.

0 0 )1 fD 0 01) rt 1-4 A) o.nnomt-to
pHrIc cuts

N ill o 5* 5* (' g " '`) " "4rt 71 Po (T; (I) gi 51 ci, m 1.7 (T) 8o mwoc It tl± OQ l.!, 04 O) (I (o k4 n rypoo)N rt 0 rt 2 ;frf g (cs-; HI Pn 111 PJ. Po 2 m (F)1* r N. gl ral 2 51"
NQ

ttoQmi-i rt rtartcog 'tit N' CI 0 H 1: 11 H.0OrtN.040001M 0500111-ril: (c1 rjtsti 0 5 9 H. 0 ion o to H 1-ti 0 o Pi o 1 cl `,..) 1-1. rt ad 0 0 1 0fD H fD ft) IS 0
mrat n ri rt a) rt

rt 0 0 0 0 0 ,1 rt 1-1 0 ft 0 014 rt 0 0 II) 0 OQ N. ,0014 (.113,0 5. rot 11) riu)n a (v cr o (t (o ul w oci rt a Fi 1-1 ro H. rt CDtil fD 0` 04 u ID PO P. it91 VIII rt 0, H 0, rt 0 A) ID Hi n' od 0 0 0 H I'D M HO) 01 H I-4IA 00 OA 10 (i) M Og fD 0 M fDnnnetaart 5. grtoli4rtigNi 0 0 ft) (s) 0' P)
44 g rl "` 5* g, cl, 2 ' H 5. ciTig ii (0) .4 R. ° m Pi nit V .. H. vo li H cr

t 0
M 0 0' (r) 0 M 0 H P0 fD 1-6 0 0 M M 1-6 3 0 rt H fD 0 ID N.ID S 0 ID rt Fe. p.* fa, F.4 (D I V) fD CD 1 00 I I 1-6 M I 1-,. I I aH g' CI)) Cil 5* gi 1 °7 7I I 0 I OQ I M 0 ft) I

04



cy and quality. Adequate procedures have not yet
been found for calculating the "cost/benefit ratio,"
"economic return," and "social effectiveness" of R&D.
The new technical indicators policy is still in the
experimental stage.

Hence, rough rule-of-thumb methods are likely to
dominate S&T decision making for some time. They are
indeed an inevitable and integral feature of managing
multiparticipant decision analysis in all societies.
Even the arrival of more "powerful." modern planning
techniques will not appreciably alte.r the basic po-
litical character of the Soviet decision process- As
a former Soviet planning specialist now in emigration
recently observed about the system, "The iterative
process, balancing, 'coming to agreement' does in
fact occur but not on paper, not in calculation, but
in life itself. u144
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X THE EXECUTION OF R&Z

AND THE UTILIZATION OF

PLANS

t...ESULTS

As we have seen, the R&D plan rommits the research
institute, design bureau, and production enterprise
to a comprehensive and detailed set of technical and
economic objectives. The annual plan, subdivided in-
to quarterly and monthly targets, is the basic opera-
tional docuuient. It has the force of law, and is the
principal stimulus to implementation.

Although certain objectives are imposed by superi-
or organs, and the plan must be approved in detail by
superior authorities, the performer establishment
manager does participate plan formulation. The
manager has a certain degree of autonomy, especia3ly
compared to earlier periods of Soviet history, but he
still lacks one common ingredient of autonomy: flexi-
bility. Even if the approval by superiors is merely
pro forma, the manager is still committed to the plan
for its duration. Only rarely are superior bodies
inclined to permit alterations in annual plan targets.
They discourage the raising and reducing of targets
because such actions can reverberate and disrupt the
economy. The plan Is thus ambitious and inflexible:
this consideration alone fosters conservatism and
works against unpredictable activities like R&D.

In this chapter we look at control mechanisms and
incentive systems used to put the plan into practice.
In their detail and comprehensiveness, plans provide
more than general directions for the performer estab-
lishment. Yet the manager still .exercises discretion
in decisions concerning how plan tasks can be accom-
plished. To aid the manager in selecting the most
effective means of fulfillment, the state has creat-
ed an organizational structure and a set of decision
rules aimed at engendering strong effort and effec-
tiveness. Such incentives as the size of expected

I r
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bonus funds with plan fulfillment are also incorpo-
rated formally in plans, although these are derived
mainly post facto bl application of formulas to
match indicators against actual establishment per-
f!_mance. Organizational, economic, and managerial
me.:zhanisms for plan implementation, like the plan
targets themselves, shoulkl of course be internally
consistent and move the establishment on the track
desired by the central leadership.

In practice, however, the plan and the machinery
for its execution frequently break down. The trans-
lation of scientific ideas into new products and pro-
cesses becomes an obstacle course of endless delays
and difficulties. During the 1960s losses due to the
slow transfer of R&D results into use ran between six
and eight billion rubles a year, or the equivalent of
one-fifth )f all funds allocated for innovation. For
the period of the Seventh Five Year Plan (1959-1965)
these losses amounted to about half of the total in-
vestment in scientific research and development. It
is estimated that an additional five to six billion
rubles can be saved annually if the time lag for in-
novation is reduced by just one year. Even now not
more than 30 to 50 percent of completed R&D finds its
way into production. The remainder is either not
used at all or ar-,:imilated so slowly that it is al-
ready obsolete by the time of its introduction. In
certain fields as much as 80 percent of finished R&D
falls by the wayside without practical utilization.)
Clearly, a major challenge facing Kremlin leaders to-
day consists in formulating a science policy to en-
courage innovation and the utilization of S&T results.

MANAGING THE 7.ESEARCH-TO-PRODUCTION CYCLE:
AN OVERVIEW

Technological innovation in the Soviet Union at
present is essentially a bureaucratic function, with
situations referred upward through long organization-
al lines for resolution. Indi-vid.,a1 and institution-
al performers rarely collaborate directly. Most ex-
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ternal transactions among organizations are managed
through ministerial offices and departmental chan-
nels. A research institute or design bureau, for ex-
ample, reports its results to a technical administra-
tion, branch glavki, or industrial association to
which it is subordinate. The latter, in turn, de-
cides on what should be the next phase of work, by
whom, and where.

This structure impedes innovation in at leas-
important ways. First, the long approval route de-
lays decisions and prolongs the zesearch-to-produc-
tion cycle. To create a new machine, for example,
requires typically 25 approvals at different levels.
To build a new technological system of 10 to 15 ma-
chines and mechanisms may require as many as 400 to
500 clearances-2 In general these agreements are ob-
tained sequentially and not in parallel.3 Forward
movement is constantly stalled by rounds of negotia-
tion; by waiting for approval of reports by depart-
mental and interdepartmental expert commissions or
for the return of tests on prototypes; by the absence
of supplies, equipment, and financing; by the need to
find the right customer with the appropriate experi-
mental base. Considerable time is spent on corre-
spondence and on trips to ministries in pursuit of
support for innovation. The -ath from conception to
commercialization can be espe...ally long and precari-
ous if the technology entails new processes or prod-
ucts .inrelated to established interests and activi-
ties or if it involves much interbranch negotiation.
The effort devoted to gathering signatures of approv-
al is due in part to statutory regulations. However,
it also serves, Berliner explains, "as a device for
limiting; each organization's responsibility for its
ava stage of the work and for reducing one's vulnera-
bility in the event of difficulties encountered in
later stages."4

According to studies by the State Committee for
Science and Technology it frequently takes as much
time to secure agreements and to transfer documents
from one organization to another as it does to con,-
duct the necessary scientific development-5 That is,
the bureaucratic process of moving research results
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the technical administrations and coordinating de-
partments of ministries lack specialists with any ad-
vanced scientific degrees. Some responsible staff
even lack a higher education-8 Nonetheless, many
branch R&D organizations display great timidity to-
ward their ministries. The studies they conduct are
often pro forma exercises that fail to expose defi-
ciencies in the development of the branch, much less
in the leadership of the ministry.9

Generally speaking, the Soviet approach to struc-
turing and managing innovation has been premised on
an image of technology transfer that prevailed large-
ly in the West until the early 1960s. According to
this view, the transfer process is envisaged as "the
passage of disembodied 'ideas and methods,' endowed
with some quasi-independence in the manner of genes,
from one state of existence or milieu to another."
The underlying assumption is that technology is pri-
marily "an assemblage of pieces of information which
can be extracted or expelled from one sector of or-
ganized creativity and transposed to another to pro-
duce different outputs."10 The whole process is re-
duced to clerical reporting, to a mechanical trans-
mission of documents and routing of information.

As has happened in the West, this perception of
technology transfer is being increasingly questioned
and replaced by a more dynamic and systems view. Oue
of the major Soviet discoveries about innovatio -.. in

the 1970s, in fact, was the importance of the "man-
agement connection." The very phrase "research-to-
production" cycle is said to be a misnomer because
action throughout must be negotiated and mediated.
It is better to speak in terms of a system of "re-
search-management-production," to use the words of
some Soviet analysts. Such phraseology, they note,
conveys a more adequate image of this complex pro-
cess. It also explicitly identifies and emphasizes
the management function and linkage-11 With gradual
movement away from a strictly phase - Dominant to a
more, process view of innovation, the need for a sys-
tems model of organization and management has become
more and more apparent. Indeed, it is not too much
of an exaggeration to say that the Soviet research-
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R&D subdivisions at industrial establishments in the
early 1970s actually conducted scientific R&D. The
remainder were engaged in servicing the needs of pro-
duction or in making minor improvements in the tech-
nological base.12

In the new associational forms linking research
with production, the status of the R&D center varies.
In a science-production association (NTO), a research
institute or design bureau is ordinarily the lead or-
ganization, while in a production association a re-
search institute, design bureau, or general R&D de-
partment is generally subordinate to production man-
agement. In these new complexes and integrated struc-
tures, management must be concerned, in varying de-
grees, with both production and R&D, and functional
departments typically service performers of both ac-
tivities. Because these organizations are heavily
concerned with the application of results in produc-
tion and use, we consider them further in that con-
text later in this chapter.

Recently, Soviets have become more interested in
the organizational problems of R&D and production fa-
cilities. The drive to create an optimal system of
intervelationships between individuals and groups is
termed "scientific organization of labor," and it may
be recalled that a section of the S&T plan is devoted
to this subject. For the most part, this concern de-
volves into "time and motion" studies and analyses of
material flows on the shop floor, but there is also
mounting concern with organizational structure and
the management process. The Soviet regime has long
formulated standard organization tables for estab-
lishments by function and by size of labor force.
However, these have generally not been scientifically
substant.Lated and have been characterized by extreme
specialization of functions with emphasis on vertical
lines of command. The lack of organizational flexi-
bility has

13
indeed been one important obstacle to in-

novation. Scierv:Ific work has been organized like
industrial activity. Little attention was given to
the optimal size and structure of personnel and oper-
ations. As a rule, leaders of R&D units have demand-

182

1 G



4riglintitIrgre V v, '0 ti rt rt H a4n n 0 ft it WS gla

111018nWt9P; 141741PPOVIlii :]1?°141"11:9Pil°
gA4Figa4mm n at 9 fa Si 0 0 DA ra, rli 1..1 ii ttBm441"t V1.4° ngnoon pips, ole.02°"n4Vg i Ft 0164 fa Mai rtPil kt r. Pi V4 rtgl tort Pti I" rt P 0'1 P., o E.00 4 1 alrt irlg 'r4tInrain"agn glIT mnz2 otwn Fun
m nt-11451np. rtnm n m owqmo mpi4o9ptonnP";"
nrOlOoriogn ID ; it Ps 1'24 O4 ° 1.4 Ilr 6 11 5: FL N ;

415.0towl.o <noon 1

Mo'13"%i 4r10;11PR°111 H ID V4o0N4'W41A540i4:4
A.PgroVor4g"H 0,411 mIAHHIwiiltiF40

1.4* Pi n R M rt M co 1 M N to Pt1
ig9g °I 71 :`11:WWI 4 `FP it rt 1 1.1

, . ?) g4 "Ili 4%ci-Ihk4 Prit :CaliMilk gvRhsqi,ENVI Rcoglwega.risi.1rt M n m H. n fa 11 IA 40Knqi111,741.01. gil.,n41,4vigav
WWNW IAN H

64c4 '2 `pit c7 1 f3)40) to'
II it p.!.H n101(114014 641401)00. rialHconMM 1-A915i:filoco

w
'13. Ba191(065.4 I Violrmtn`r4t*5'''to's m4r. ?",1 ktii a w u cti rn 09 rtrt

rt SA'. n"411gBITIVProT04 Eig,0,1a064°001.m4r1'1a w o4 4 v to v o 8 11 ,4 rt (I 14MO It M M 14 mu' nmi-iplisriltg WVVi; L4M Pp A g to 04 13 2nongmiAwn0041.4rtwollArt 54M401,409 M ro OMMiAnMil 0WHHOomH. 00M HO 0WHMiJOHtirt OV141401dw0QP,Onco Miln
rt climVuo0H.m MPHMMticcoommn ni-li 14.6"r1.4144°PoM61 H.n.mvf.louotogmmomi - 4 IggitgiliWI Panr?rgrIrriF"o R S ?A. P1 oRoGL finwmp.i.nomni onicom
prI,Inotli ..1,64E.1,16h"r,r 1pi. a u) rroti rt PI ti." 'I R Ear ;

'NI Han o n H 11nv.o4o 2 Pa t.0 IP 0 0 0 F., WO W M O $0 a : " 4 191, 5' Co rt til g 111 6" n
OhE..

NJ 1-ti 1-1 ta pr. 4mnt-hcommy rtptict al11.4 it410 (1) OA 14 It 11 rtog WrtrISWOragi1126M64.4 to 04 N rtMM w VoM hi. nnWgra5114^0Ng VH4 Pillgr.J9ggign 5. MW(11-4P tint Omh etrth 1.4

6hi II moa B°19(19,05tT4r4g
m n c A li o la to r C1Q 0 P. Ci.

nMVM nmwmCw0p.Wnli,OmMn 0 w M 4 WIJ.0
n 1019141-4 : I g i 1 3 4 1 5 . 1 34 mo i 7"7 5. og V it 4 n

,

o Fti a) rt M1411,4
I I I I



The most ambitious research complex is the
one that has grown up in the Academic City
of Novosibirsk, which is taking on some of
the characteristics of the research-based
industrial clusters around Boston, Palo
Alto, and Houston.16

The Academic City at Novosibirsk incorporates predom-
inantly Academy facilities of different departments,
some of which have developed close ties with branch
design bureaus and pilot plant facilities. Science-
production centers are also planned to be built around
institutes of the Lithuanian Academy of Sciences in
chemistry, chemical technology, and the physics of
semi-conductors. Similarly, in Kurgan the recent for-
mation and expansion of facilities of four ministries
concerned with ground vehicles, including automotive,
agricultural, railroad, and construction equipment,
reflect this enhanced belief in industrial "cross
fertilization." Bureaucratic barriers, rooted in and
reinforced by the organizational and spatial separa-
tion of R&D performers, are increasingly recognized
as harmful.

The structure of the Soviet R&D establishment is
thus influenced first by the nature of the activity
in question. Beyond this, organizational structures
tend to permit little flexibility compared to Western
standards. Extreme specialization of activity and
vertical lines of command are the norm. Basically,
the research-to-production cycle has been broken up
in time, task, and territory. Recent developments of
particular interest sm-e the closer organizational ties
between research and production in the "association"
unit and the development of research complexes char-
a=terized by geographic collocation.

CONDUCT OF R&D

Execution of R&D plans depends on acceptable cri-
teria of fulfillment. While production targets may
be measured by tone, units, rubles, or other physical
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of the Council of Ministers. State committees, in
turn, monitor exe%_ution of important tasks (e.g., the
GK NT) or a functional area of the establishment plan,
such as supply (Gossnab). In addition, Go sbank has
an important role in overseeing the financial flows
which are planned to correspond to physical flows,
and the CPSU exercises a general oversight function.

Within the performing establishment, program con-
trol techniques incorporated in various plans facil-
itate conduct of the R&D project. We noted, for ex-
ample, that thematic plans of research institutes and
design bureaus are based on "calendar plans;" for-
mulz.ted on a project basis, these subdivide the work
into stages, designate responsible individuals, and
schedule completion dates. Recently, a more formal
research management technique has been developed:
"network planning and control." In broad terms, a
network model is any construct which is "dynamic,
informational, and reflective of the process of per-
forming a complex of tasks directed to the achieve-
ment of a single goal."18 In practice, this can mean
little more than such tools as grid schedules and
Gantt charts for diagramming activities in sequence
and for monitoring time, cost, and quality parame-
ters. However, it also includes Soviet development
and application in the early 19E0s of more sophisti-
cated techniques which resemble PERT and critical
path methods-19

In the mid-1970s, network methods are
gotten their "second wind," according to
Maksimov. Three factors have stimulated

said to have
Dr. Yu. I.
this recent

growth: (1) the introduction of management informa-
tion systems that provide the necessary information,
norms, and technology for their application; (2) in-
creased utilization of multistage econome'zic models
linking the stages of planning, design, and produc-
tion; and (3) the development of analytical aids and
computer programs for calculating and optimizing not
only specific network charts but also alternative
stochastic network models. Examples of more sophis-
ticated network techniques along the lines of CPM
and PERT that surfaced in the 1970s for complex in-
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terbranch projects are the so-called "Sputnik" and
"Skalar" systems. In addition to evaluating time
and cost elements, network methods are also improv-
ing handling of materials and technical supplies and
allocating manpower in R&D organizations. On the
whole, however, their application remains limited;
they are still largely confined to the major scien-
tific centers, notably Moscow, Leningrad, Kiev, and
Novosibirsk, and to major large-scale projects.20
Such planning and control techniques, it may be no-
ted, are compatible with the Soviet predilection for
structured, planned activities. Their development
and application to date have been constrained, in
large part, by structural factors and the organiza-
tional-managerial fragmentation of the innovatio1
cycle.

Other features of program control in the Soviet
performer_establisixment center on the creation of the
optimal inte=rnal organizational structure for support
of R&D. As previously indicated, much interest has
been expressed in the development of "organic" links
between R&D and production, the topic of the next
section. But even within the independent R&D estab-
lishmen-:, Soviet authorities have found it advanta-
geous to associate and link R&D personnel responsible
for distinct stages or aspects of a complex project.
Two pertinent dimensions may be identified: associa-
tion between individuals working on separate stages
of product or process development, and association
between individuals working at the same stage of, re-
spectively, product and process development. The
benefits of such close contacts are said to have been
instrumental in developing the ceramic tile manufac-
turing process.21 Accordingly, numerous research in-
stitutes and design bureaus are expanding direct forms
of cooperation and collaboration among the various
participants in the research-to-production cycle.

In addition. some performer establishments have
begun to experiment with forms of project management
and matrix organization to break down intrainstitu-
tional barriers, departmental and functionz1, and to
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accelerate the innovation process. A discussion of
the pressures generating the conversion to matrix
management is found in chapter 12. The deficiencies
and limitations of traditional hierarchical forms of
administration are thus being increasingly felt, and
efforts are underway to develop new and more dynamic
structural designs to cope with the problems of ad-
vancing technology and complexity.

As regards methods of conflict resolution the ex-
perience of modernizing production operations at ZIL
Is instructive. Whenever delays or deviations in
program development arose, a meeting was convened of
representatives from ZIL, organizations participating
in the project, local organs, and pertinent minis-
tries. Problems were settled through joint agree-
ments of the interested parties with the formulation
of the appropriate protocol. Any conflicts between
organizations subordinate to the Ministry of the Au-
tomobile Industry which they could not settle them-
selves w=re resolved by the leadership of the min-.
istry. The solution was binding for both sides. If
disagreements arose between organizations of differ-
ent ministries, the matter was examined by the appro-
priate ministerial authorities. Sometimes a joint
decision by the interested ministries resolved the
issue. Disagreements over questions of planning were
examined by Gosplan, supply problems were handled by
Gossnab, and SST problems were mediated by the GKNT.22

The formality and rigidity of these procedures to
resolve conflict prevent rapid application of correc-
tive measures. Such procedures also breed conserva-
tism in the performer at the time of plan formulation
and, in a sense, frustrate central control by insula-
ting the performer with layers of paper and delays.23

Conflicts are inevitable in any project. Coordi-
nation is the process of managing conflict. Conflict
management practices keep different units together as
they work tc'ward integrated goals. In the Soviet
Union organizational separation and administrative
fragmentation of the innovation process complicate
greatly the task of coordination and necessitate cum-
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tion of personnel, then, generally is assured, with
one major exception. Maximum salary levels are fixed
in relation to the nature of the organization at
which the scientist or engineer is employed. Accord-
ingly, the best S&T personnel have tended to gravi-
tate away from industry to the Academy system, and
within industry from production to R&D establishments.
This doubtless has hindered industrial R&D and asso-
ciated production assimilation, although in recent
years the relative position of industry seems to have
improved somewhat.

At the same time, certain deficiencies of the sys-
tem of planning and training scientific manpower mer-
it brief mention. Surpluses of specialists exist in
some, more traditional fields of science and technol-
ogy and shortages in other areas, such as computers,
biochemistry, and microelectronics--the main paceset-
ters of modern S&T progress. Experts in the modern
social sciences and management sciences are also
lacking. The orientation of planning and profession-
al training has not kept pace with changes in science,
technology, and organization. "Existing programs of
education are not designed to train specialists in
the subjects needed by modern society and by research,
planning, and design organizations," observes Gvishi-
ani.24 The acceleration of technical progress also
makes obsolete information, knowledge, and acquired
skills, so that the retraining of scientific, engin-
eering, and managerial personnel is becoming increas-
ingly necessary. This need is all the more pressing
in view of the mounting constraints on manpower re-
sources which require greater attention to qualita-
tive improvements rather to quantitative increases in
the size of the S&T establishment.

Acquisition of material supplies, another control
mechanism, generally is planned at the same time that
basic R&D and production assignments are formulated.
Gossnab is the principal agency in charge of planning
and distribution of supply. The Soviet material and
technical supply system is conducive to large-scale
deliveries of fairly standardized products, but not
to the typical small-lot deliveries of special pur-
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FIGURE 10-1 THE SYSTEM OF MATERIAL STIMULATION OF SCIENTIFIC AND TECHNICAL PROGRESS

IN THE USSR

hoe* rts Us IAA
lattalictlos of No (Omni

loal Wavle

Aerial Stliarlatian at Sciaatifia
ott Tack laal kagtass

Author isausollan old evouseg

1°

L

I
al

.No

pM

I

Stio hnialattaa at Ircl Provos
tar* lacratha Lvater oil WA

1
a

1.

Source: P. S. Miroshnikov, A. F. Kotlyarov, and V. P. Babich, Materialno eNstisnliro-

vaniyenauchno-tekhnicheskogo propessa (Kiev, 1973), p. .



on its rt

Mmti gi
o ft

?Igo° pnOgrirt"VO
0 V

MmkHO
h

4F.4MOVO0000H 04

coco 1-1

'rat
MM

W M0)-4 M0000HH
(0 rt H FA m (D

0
1-4WOOOM
O 0 HO O00 m0H I-

m40111
0 00

N mA MHMOONOM H.-
M 00

H
000m1H0MO MO'Hilm00M00
H H

000
K4H

k4M0H O 0
D MA,M
W

OnoOOV0oM0
O
rt IHMI-4OV(104
A) o MH

rtA) OVMW0 m1.1

o MO
WMMH

OM0
01-helH OON00000

(1m IWo
moom

ftvommomtAommprtnp4mm0d0111MOVrtHOH00 0)01-hmooammom0P100.(1M0
Ogg

(MD

un) 5. tin 1?) a, 11 a 0 rt it a'
IA H WV111-401-Aw Milt

rttCn .ta. ig.ghi,mRrts n 0 nfD
2rIgrtgle:545.(01'W MOVIAMmOHH0M0H0(A0f.Fittlir40.113_2!1:600H oalgwHONN OW4pW000WM11000 MpH011i MMHO H0000k4 miArtpw E4tirt"oitN:inmW$) 0 umVp00PV0HH II

Ft; 11 O " ft " 4 ITI 11
6 0 60 it IA : %<

Cr wtvigtriHH.M0 0'401mi-kop HVMOOE4POMOmMWVHOVHH40 011 <prtncnrto Oart000nm . oFi.oMM IAHV 1.1wHMM nO HMM
F6P Bra g 5.1 '64'4 H.4) p.i-ho) 00<0n 4 rtP.m noom gowagooe.otA
egrt194rilLitiv'm a HOHp04ovooanrtmrtM o0lA

0moliJma.E.HomliHomol41ANv pMHHo00V
FillagS5.4g4(10 0 It tC M 0

M
H H

6, n Hs Flo 0ri) < m 0 pocnD)11)044tort 0<rt0Q
". V)sr, rt P' 'a)) 4 rot 111)

wcritoigml-kmopimmwomp
14.(414Dgfi":(rt' 0 < ID v CA rd00'0(1)0 w2vA"gicTI(U)mom N01111(140MHIAA)001H0001-40,4 woMOW NI-ArtH.wmrtpuw 0a) H.0.00HM venomI' I. 00m1H04 OnMwg0WCma)0H <Om -Ort0v p)1:1 VH(DM00+0 :0) 1:6 0 El" 11 1-4 0 rt CD H. 0 laf) 0 0 IZ CA (00<aqn(DY prttin rt coo' CD rt (1) II ti CD 'i 0 ti n 0

Ig's rj, Itn) FDI CI 51 c? '4' `4 it; g r) (OD V C) 4
rmt f`24 `4 rot li o u) gm Pt prt a) 8" g. Pr) N
Pt ' it Pcli) FhiS rg i ' 7 ° 5' V o 641.r1101 (D H. rt I %. IIN < v

1

TarallgiF
rtVAINgialinmit1/4100MOOM0h46100mWMrttiOrt HNm

i'ottLmkog"gRI:
Hmmt.tirtriors.

Ma141AIRPttrit1g0
gir-inWoleg4PP)Wg'r)gOa rt 0 Hrt CD 011 fD %.4 0rt (i) R) ce ti 0.)

tgr,trmm,!ArD
R.

VrtgrO1-10g5.0(1)510MOmIMI-41100 004111

Pt V 5'
(fly

° te"),4 PI1A 191

!)gfIljhrrg02vrifrlwrt V 0 Cu La Fi rtrt0:11-4
O 0) Filin5Ig4W2
"(4WV,Iimg510"

H
o
M A)

H
r)M

M
Pa

-s

00rh n OO r

O 411MFVJ'gW15ige
R40191°;)4gOrnfig4018.p
14mportIVIVVVOHr) rt. Hot) Pi 00)0 CD cr CD fa, 0 rt w

rD m c14
0(11-4 (a.H0 OHortgm0MH0MMOHWO01-4H'4WOWW000000OM M0MMmHIA0(1)0. 4 A) 0 w o'cn oega'w :p10000

Pa A) m 1-4 r-i o wm owolANourtoortoav ((Icon M
V I 04

cmn



Finally, there is one incentive program that mer-
its special mention because it aims at stimulating
the interests of researchers, design engineers, and
producers alike in the entire research -to--production
cycle, in the economic aplication of R&D, and in the
reliability and performance of new technology. The
source of this program is the Fund for the Creation
and Introduction of New Technology. At industrial
plants, this fund is generated through deductions
from the cost of production amounting to 0.2 to 1
percent of the wage funds of industrial production
personnel. At research institutes and design bureaus
these funds are specially provided for in their bud-
gets and range from 4 to 10 percent of the annual
wage fund. Enterprises retain 25 to 5C percent end
R&D facilities retain up to 50 percent of these funds
and divert the rest into centralized incentive funds
at their respective ministries which are used to re-
ward 'work on especially massive and important pro-
jects.29

The size of bonus awards depends on the annual
economic savings due to technological innovation and
is determined on the basis of the scale presented in
Table 11-1. Staff members of research institutes and
design bureaus can claim 30 to 50 percent of the bo-
nus, technology developers 20 to 35 percent, and pro-
duction workers 25 to 40 percent. Ninety percent of
the incentive funds should be used to reward those
who directly participate in the work and 10 percent
should go to those who assist in innovation and util-
ization. For completion of projects ahead of timqA
the size of the bonus is increased by 25 percent.

Interesting features of this system are (1) the
association of rewards with results regardless of the
organizational affiliation of the participants, (2)

the flexibility intended by the centralization of a
large share of the fund, (3) the rigid and somewhat
arbitrary character of the shares of bonuses as a
function of the stage of R&D, and (4) the reliance on
the ubiquitous measure of "economic return." The un-
reliability of this measure, the decline in the bonus
share with rising benefits, and misapplication of
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TABLE 10-1

THE STRUCTURE OF BONUS AWARDS FOR TECHOLOGICAL INNOVATION IN THE USSR

Annual Economic

Return

of the Innovation

iot114...ndrubles)tt

Up to 10

10 to 20

20 to 50

50 to 100

100 to 500

500 to 2000

2000 to 5000

above 5000

Amount of Bonus as Percentage

of the Annual Economic Return

6 to 25%,

5 to 20X,

4 to 17%,

3 to 12%,

2 to 10%,

1 to 7%,

0.7 to 4%,

0.5 to 3%,

but not over 2000 rubles

but not over 3400 rubles

but nct over 6000 rubles

but not over 10,000 rubles

but not over 35,000 rubles

but not over 80,000 rubles

but not over 150,000 rubles

but not over 200,000 rubles

Source: I. D. Ivanov, "Overcoming Obstacles and Stimululation During the Introduction
of New Technology and New Management Methods (Russian text)," p. 11.



funds have diminished the effectiveness cf this pro-
gram. Yet there is potential in this a.d other pro-
grams to redirect the attention of scientists and
engineers to economic application, which is perhaps
the major theme of all current developments in Soviet
program management and control mechanisms regulating
the conduct of R&D.

UTILIZATION OF R&D RESULTS

The growing Soviet concern, reflected throughout
this study, for effective application of R&D results
in production and use is a consequence of two trends:
(1) the rising dependence of continuing Soviet eco-
nomic growth on technological innovation; and (2) re-
latively poor Soviet performance in translating sci-
entific ideas into new products and processes. The
first necessitates improved performance in the entire
R&D sector. The second focuses on the greatest prob-
lem within that sector. As General Secretary Brezh-
nev phrased the Issue in 1971, "If one examines all
the links of the complex chain uniting science with
production, it is not too difficult to see that the
links connected with the practical realization of
scientific achievements and their adoption in mass
production are the weakest."31

The overriding reason for this deficiency is the
absence, under traditional Soviet operating practices,
of individuals and organizations that are both capa-
ble of and interested in effecting the transition to
application. In principle, the independent research,
design, and development organizations are obligated
to supply the production establishment with technical
doctr- -station, working blueprints, and/or prototypes
of n, products and p-.;zocesses ostensibly ready for
utilization. But the effective judge of the "readi-
ness" of an innovation is the designer or developer
himself, and he has little incentive to undertake
gratuitously activities which will only help the pro-
ducer. The latter, in turn, receives little or no
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aping network models and grid schedules to include
steps related to application, but even this extension
can force consideration of the entire research-to-
production cycle as an integral unit. With clear de-
lineation of responsibility, culpability for failure
is easier to fix. Network approaches also require
careful scheduling and provide a framework for ac-
commodating unanticipated developments. All of these
elements reduce project uncertainty and risk and ben-
efit considerably the production establishment, which
must function in an environment hostile to 'slack"
and uncertainty.

An interesting policy development is the creaticm
of standard "systams" for regulating activities. The
State Committee for Standards is responsible for de-
veloping methodologies for technical norms, standards,
and quality certification programs, and for oversee-
ing application of such methodologies. Such functions
are of course essential in any industrial economy, but
particularly so in the Soviet Union where the absence
of an effective market mechanism means that the state
must ensure that common design, development, and pro-
duction practices are utilized where such commonality
is advantageous. This is particularly useful in
avoiding unnecessary duplication of effort in design.

In recent years, Gosstandart has developed certain
families of procedures to ensure that standards for-
mulated in a decentralized manner will be comparable
and transferable throughout the economy. The first
such system was the Unified System of Design Documen-
tation (TESKO), intended to unify design approaches.
Other unified systems since developed include those
for standardizing data processing techniques (TESSTEM),
classification and coding (-TESKE), computer languages
(YESPD), and procedures for evaluating product qual-
ity (TESKAP). The most ambitious system is the Uni-
fied System for Technological Preparation for Produc-
tion (YESTPP), directly aimed at the problem of in-
troducing R&D -results. It incorporates elements of
the other special systems and in total contains 3500
state standards on all phases of the preparation of
new products and processes, including design, devel-
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FIGURE 104 DIEM PLANNING CHART FOR TECEOLOGICAL PREPARATION FOR PRODUCTION
IN THE USSR MINISTRY OF THE AUTOMOBILE INDUSTRY
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FIGURE 10-2(continued)
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into closer association with, if not formally incor-
porated into, establishments for which production is
a primary mission.

In this context, we discuss production associa-
tions (POs) and science-production associations
MOO. These new complexes represent an attempt to
build unified organizational systems rather than un-
related or disjointed arrays of tasks, functions, and
individual efforts. Such integrated structures are
designed to give institutional expression and coher-
ence to the innovation process. Some science policy
experts in Moscow argue, in fact, that only through
research and development complexes can the "research
to production" cycle be effectively carried out from
beginning to end.34 The move to create special or-
ganizations concerned with applications engineering
and diffusion is less well advanced, and only brief
attention is given to chem.

As noted previously, the Soviet enterprise typi-
cally corresponds to a single-plant Western company
wit4 extremely limited design, development, and ex-
per!--ental capabilities. The production association,
combining formerly independent R&D and production
units, is fast becoming the basic economic organiza-
tion er Soviet industry. A major aim of establish-
ing POs is to insure that series or mass production
of the most advanced items is set up for the internal
market and for export. The POs are comprised of tech-
nologically integrated production enterprises with re-
search institutes and design bureaus attached to them.
For example, the Leningrad instrument manufacturing
production association Svetlana has experimental re-
search and design divisions that work closely with
its production facilities in developing new hardware
models, a special design bureau for creating technol-
ogical equipment for their industrial testing, and
shops for manufacturing this equipment. The organi-
zational structure of this association is depicted in
Figure 11-3. Note the experimental design bureaus
(OKBs) which are subordinate to two of the associa-
tion's plants. The presence of a comprehensive ex-
perimental research facility is characteristic of POs
especially in machine building, and the metallurgical,
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FIGURE 10-3 ORGANIZATIONAL STRUCTURE OF THE SVETLANA PRODUCTION ASSOCIATION
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chemical, and oil refining industries. A number of
large POs even have research centers of all-union im-
portance, such as the R&D service cf the KAMAZ, and
the scientific research and experimental design cen-
ter of E'ektrosila, which occupies a leading position
in the world in turbine construction.35

A distinguishing characteristic of the PO is the
clear emphasis on production at large-scale, effi-
cient rates of output. A production facility, in
fact, is the lead unit. Thus, while improved innova-
tive performance is an important objective, other
standard economic benefits of such larger units also
are expected. These include economies of large s.: -Ile
production, specialization of subordinate units, and
wider application of advanced managerial practices.
The use of integrated planning techniques, computer-
ized data processing systems, and organizational de-
signs based on principles of purely project or matrix
management has allegedly been instrumental in accel-
erating innovation In these new structures. Accord-
ing to Ivanov, the research-to- production cycle has
been reduced for certain products by 50 to 75 percent
in the Uralelektrotyazhmash Production Association.
In the L'vov Instrument Manufacturing PO imeni V. I.
Lenin this cycle was cut on an'average by 50 percent,
and the degree of interchangeability of assemblies
was boosted to 80 percent while their weight was re-
duced by half and their reliability was raised by a
factor of 3 or 4. In the Svetlana and Elektrosila
production assoclations almost all development pro-
jects reach the production stage.3'

The most significant organizational development,
from "the long range view of scientific and technical
progress," is the creation of science-production as-
sociations.37 Set up in the late 1960s explicitly
to organize innovation as a distinct and major task,
NPOs function as special nurseries for the rapid gen-
eration and application of new technology. Though
they exist in nearly all branches of industry, they
are concentrated mainly in machine building, espe-
cially in the electrotechnical, electronics, instru-
ment manufacture, and aviation sectors, as well as in
the chemical and petrochemical industries.
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Within industry, three basic types of NPO may be
differentiated according to their final product: (1)
those that specialize in developing primarily new
products and technological equipment for their manu-
facture; (2) those that concentrate on creating new
means of mechanization and automation of production,
including management information systems; and (3)
those that engage in the development of new materi-
als and technological processes. The third type is
less prevalent than the other two associations. A few
NPOs, like Mikrobioprom (microbiological industry),
Soiuznauchplitprom (wood processing), and Plastpoll-
mer (chemical industry), engage simultaneously in de-
veloping new products, new processes A and new kinds
of equipment and automated devices.3'

NPOs differ also in terms of the scope of their
specialization and product use. The majority are of
branch importance. However, some NPOs like Plastpol-
imer are primarily subbranch while still others are
essentially interbranch. The latter include Soimma-
uchplitpram and Soluzsteklamash (glass machine build-
ing), which develop articles used in construction,
electronics, and defense as well as in the automobile,
electrical engineering, instrument manufacture, light,
food, chemical, and medical industries. Similarly,
the All-Union NPO Soiurtransprogress was formed in
1974 to design, develop, and install transport con-
tainer systems throughout the country.39

Numerous benefits are ascribed to these new inte-
grated and integrating structures. The process of
creating and applying new technology has been reduced
in many. NPOs by two and even three times.40 The qual-
ity of research, development, and innovation is also
higher. in the electrical -Angineering industry the
share of output stamped with the seal of highest qual-
ity is 1.5 to 2.5 times greater in the NPOs than in
the branch as a whole.41 In the associations from 40

to 50 percent (and climbing to 80 and 90 percent) of

completed R&D is actually introduced while in autono-
mous scientific and technological organizations only
15 percent is successfully utilized. Labor and ma-
terial costs are also reduced because of less dupli-
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associations and enterprises. If these two tasks are
=it delimited organizationally between science-pro-
duation and production associations but are done with-
in the NPO, then confusion and a distortion of func-
tions takes place. The inclusion of enterprises en-
gaged in series production leads to an expansion of
manufacturing operations to the detriment of scientif-
ic READ activity. The main function of the NPO--proto-
type development-becomes subordinate to the task of
fulfilling current production programs.

Indeed the claims and fears of those adopting this
view are confirmed Ly experience. In several NPOs
the share of scientific research and experimental de-
sign comprises only 5 to 15 percent of the volume of
industrial production activity. Some of these NPOs
have, in fact, been subsequently renamed POs. In oth-
ers, R&D results are accumulating and cannot find an
outlet either at the association or at other enter-
prises of the branch. The share of new products orig-
inating in the NPO and assimilated into series produc-
tion has also declined in recent years at Elektroap-
parat and Kondensator. More than half of the work of
series production facilities at some NPOs deals with
assignments that have nothing to do with the activi-
ties of their own R&D units and sometimes even fall
outside the specialized profiles of the associations.
NPOs having major enterprises of series and mass pro-
duction have shown a strong tendency to become inter-
ested mainly in improving production indicators and
not in accelerating innovation. To weaken the desire
to maintain production runs of the same items and to
encourage greater product mix and renewal, a new rule
has recently been introduced. If an NPO issues a par-
ticular product more than three years, deductions to
its incentive funds are then reduced by 50 percent.44

On the other hand, many specialists insist equal-
ly strongly that series or batch production is an in-
tegral part of the NPO. The role of series produc-
tion facilities is not to increase industrial output
but to serve as an arena within which the NPO can
test and perfect its innovations under actual produc-
tion conditions. If NPOs lack series production ca-
pability, this forces them to transfer the assimila-
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tion of .ew products and processes to other organi-
zations. That prolongs the process and reduces the
quality of innovation. In effect, the NPO is exclud-
ed from the most important stage connected with the
introduction of R&D results into the economy and can-
nct perform its role of connecting link between sci-
ence and industry. When the NPO concentrates mainly
on "preproduction" work, it cannot really qualify as
a "science-production" association-45

Views also differ concerning the place of the NPO
at the research end of the innovation process. For
that matter, there Is no agreement in the Soviet Union
about the place and role of basic research more gen-
erally in the research-to-production cycle-46 Until
recently, major NPOs like Pozitron themselves per-
formed fundamental research equal to nearly 10 per-
cent of their total scientific research effort. It
became necessary to abandon this practice by the mid
1970s, however. While a few NPOs still engage in
some exploratory research, the majority contract with
institutes of the Academy of Sciences to conduct fun-
damental research for them. 47 Befitting their role
and development as "branch" institutions, NPOs focus
predominantly on applied R&D.

At the same time, the scope and volume of scien-
tific research and development vary widely among NPOs.
In some associations the share of R&D may be less than
10 percent of the total cost of production activity
while in others it may account for as much as 50 per-
cent.48 Some Soviet specialists believe that a fixed
percentage should be established for the ratio of
"science" and "production" activity as a mandatory
condition for the functioning of an NPO. Though he
disagrees with this view, Taksir notes that whet a
complex is headed by a small research institute which
conducts an insignificant volume of R&D (less than
10-12 percent), then the NPO is generally unable to
direct effectively the research-to-production cycle.
Arkhangelskiy also demonstrates that the capacity of
the R&D center must be nearly 20 percent of the pro-
duction capacity for an NPO to perform successfully
its various functions.49

210



Lith 2 r, p icrg g fiJ
r) ...... 0 . < P.-A 0 Cl.

fl (1 g4 1 i 11 r4 t,4,3 ftt,. g. r, (rD, % s 014 191 `4 ri V .8 14 Pi :).a ?.? ft rot g. i
r? Fi. 11 al M 0) H f'd 4 " o. ft 3 rFt IMegIftit4P4140? irVII l'a 64 11 "t3 ol"1-11,1 rag 6'

H0ci, Btrit
415.5. frt) "8191%1071(PQR o4 a 2. r ?) r: " " 0ts 711514C9 r, to, n 11,14, ,, p0; ,.

. ri 0 0 0

1 0 1.4 0 0 fb
0 0 0 PI * (1) 0 pa 11 ti 9 ,-- (V (4 0 R et 5. pi. w p. Pt 0 0 0 PI 14 0 0 0 0

Fli 0 Ho M n M rt rt 10 RI VF: m N 0 Pal A g Ot1 , n e H (i) 01 3 m 64 .0 rt P1 CP4 VA (1) PI 0 g 1* 009 rt 05.1 ''' 1) 11 ri r, 0 L) 64 if r r, IA. ,,, r.. rt 1 ro). b' 0 ':' Ph rot) oi
QQC:r 11 Pi M 0 iJ 0 iv IA M P' 0 0

0 M n It M to 0 M I:,

0. 1471°Lill," 4 t.tHs oirt 1m V r? ii rtc1) rtPl OM LOH li oirt Mri 1A4 (11-4 fl31-4 r9 0.(1) rt Hst,) H to 6t' PirD 0(1 04 rt (I Pi " ° ° 64 R
rt (D rt I-1* fa 1.4 I 0 (D Co 4 (1 0 t< 0' 0, 0 co 0, n n n Pt ft W VI 0 (3' 5. 03 PI rt rt
hi, a OQP M 8 cr m0 zoo 0 %Pito tr) 0 0

C

0 '0 0 (D 10 0 '0
rtH(D ,4 0 G HI 0 IA (D OQ 0 P. I'D rt (D rt 0 0 ffl 0

H. 0 ft F4. tf) M 13 to
011 0 21

11 H 2 IV 0 71 61 ()
rt pi)) Ni* 11 4 2 5. 8 rto o 0 1.04 r(?.3 g 031-h tn. m I o n5 s u a:1 rI o° ' :i . mv cr.'4 I a.rn n
He al 0 o. 0 tu ii 0 CL rt ir It ta

0 (D Os It 0 ( ) i.) I , 0 0 0 1 ,1* I'D rt 00 (ali 1") li 11:13 Cid 0 '0 (0 p 0 oi 0 * (1 5. 0 0r, r H. , n 04 n 11 ogo oc,rtgrtonvitv.. ii) ,r? 0 rt M M Fl. 0
0 PI OA M H Hod It F4 0 1.4

Ili Il 0., 0

p rt p4 La to Pc) 1-4 M (D H (0 0 0 rt H. 0 '0 rt rt 0 0 0 1-h 0 H 11 IA 00Ortoomti) to m ID V rt H H (0 0 rt 11
gittro(D 0 0
10

l'i0H000A 0,0 n o m I-. 0. 0 0. o n H. Fa. .0 o H. ist. . odg H. o. 0

H
H 0 `4.1 0 4. p moil En o ooommu) oPto rt 01 H Pi 0 Fl

51 " 4 '10
k4"

se:-)N p: Lill gc'' col (.° il, i;) H 1 Ti, r pro H 0 H. () 11 kV tOi rtO 0 0,40 6-% pirD

N 0 Ok<M11) 1:40WOOMOOPilti t 0 0
0

0 rt < fa 0 I-4 IA 00 0' M 0 rt 0 II rt H rt M M (0 1-i P* 00
< 0 , 0 rt 0 0 14 1 0 0 0 0 5*1 1 ,0ti3 ( f: nOM 0H °H i r tp r to I -No Pc it ot 4 :)c

no ofaio it 61 iim 1-1 o 4 il OQ M M n lo 0 0 M CA li C: E. rt0 oce t< 4-6 00 ri rice 0 cuo HaPs cort pH;

to (1) Po to 0 61 V (A cr
41R4510q1DPOS. U)P4Ohrr)tilM119'003 OCA 01)00 0H

rt H Pt M M 1 . 4 rt 0 0@ o k4 2 5 " ;) 'c-)1 0 0 fro) 'ii 0+1 HA c(j; r; ill 0 trt g' 0 0 rOt PI P? c4 itt g.
rt 0 0 " 0 z.t. ,... I-h itt) P.OPdrigr6rtli rt(414DOP1 Pt" Hliurtitilelil)rt rt v Ho to ro N

a
0. Ph it° 0 a ° 64 ni-L nm 00 co 1.-i N4 HOMO Mt,

p1-g a' (D ti * 0 (lip' rt (1)000H(D* (000H.00Q(DO(Dti(D<Htntn(D00w. 0ic * to rt k4 pg %.4 ofDn'On0k40v) i-oOdgc) 00 0 Mfo-reix roacnPt
(.1( (j)) tq) r? Pt o R gill " og 0 11 ra ; B a R' Vols r4. 1.1 I/ o 8 rIl f) rill cr. ttro) "I (tit1) to' 19 ri-?` r; g

P' A t a rt r (0hrD(D00 00HIDcer 40t1Fti4()11-1 0 co - n o o k4 0
-4 V, ID o rt fp 0 Pi 0 ID 4 0 f) n

mo poi ow. ion il al nm It194 (9 t.1.° E1') ilk : oot1H (1 (11 rti8. Pi, (-01 g it RH' How0'.4 7::j'm 0)0 Fto fort n1-4 wn oc9 rt0 F.pl ,n pho mo mIA 0 P 6
CI A' li M (D rt 00 i-i. 0 V 0 5 Prj; : 5 0 ri 0 pi 0a **IMOD) HrtO'
'0 0 0 0 04 IVO Pe 011000* (1,0 110001-4 OH100(D000 to titi0'000(0(D0 0 c ' It M 11 1-1 n rt %4 Fh rt M M0001-4* 110' 0(1)0

X 0 fai Fa 0 rt rt F04 4 CI " 0 (0) 4 Fl. g . ,u2t IF,.0 ,. g..01 .. M 4 96 11:4* g `''' "'n a PEI (74"ti
H 0 14 ti M 0 0 0 PI on

li Vii folE' X 3.4 0 (s) Po r;
(D oi0-toion0a. M0011M CPIC)

0 V rt < 04 0 0 0 HI 0
n to co IA ro F1* 0 .1. rt 0 il OQ M 0 Pi 0 H Pg 4 ril IF4) al V 0 Pt

o o
pt m

i-t o o 1-t (D 0, 0 rt Pi 01 '0 D) 11) 1 VO 1-' 0 0' 1 I
1 F 4 0 PI A. P4 0 1 ( D 0 I I G Q M

M M P m I I g, 1 0 0 0 4,
I w , 0 cl v

1 I
0
1-i. DO 0 I I

1



is the leading center for plastics and has overall
responsibility for high pressure polyethelenes, poly-
styrenes, fluoro-plastics, and polyvinylacetates. Be-
tween 1969 and 1973 the NPO introduced 117 innovations
into Soviet industry. In the cryogenic engineering
industry nearly 90 percent of all machinery and equip-
ment produced is based on designs developed at the in-
dustry's NPO Kriogenmash. In radio electronics Pozi-
tron is the S&T center.51

At the same time, it is also clear that not all
NPOs serve as S&T centers for their branches. Some
associations serve only a few enterprises and contain
very small R&D units. Others that do exercise branch-
wide functions do not provide all the special services
mentioned above. Some NPOs are unable to perform
broad S&T tasks either because they lack a research
institute or the one they have is not the leading link
in the association.52

These basic differences in perception and practice
determine the structure of science-production asso-
ciations. Table 11-2 shows the structural makeup of
15 leading NPOs. All these associations contain both
a scientific research institute and a series produc-
tion unit. Thirteen have an experimental production
capability. Other evidence suggests, however, a less
uniform picture for the NPOs as a whole. In a study
of 40 NPOs, Kushlin notes that 10 percent had no se-
ries production unit while 8 percent lacked a scien-
tific research subdivision. Eighteen or 45 percent of
the NPOs had no experimental production or testing fa-
cility.53

Particular .y absent, it seems, are facilities such
as start-up and adaptation organizations and training
centers which can promote more rapidly and effective-
ly the utilization of R&D results. A few NPOs, like
Pishchepromavtomatika (food processing), Soiuznauch-
plitprom, and Impuls (computers), have established
special services that help introduce new products and
processes directly at client _mterprises and train
their personnel in the use and repair of equipment.
At series plants of their branches other associations

212



A
 
0

r
t

r
t

H

M
It C

g
ay

.)
'

r4
e-

qu
C

A
r
t

0 
IA

m
gi

( 
I

i i
i

A
r
t

"

H
 
P
.
 
V

.
z 

n
Ig

o
IA

C
O

I
-
4

C
r

I
A

0
u)

 n
*-

4 
pl

.
gi

0
.-

4 
p

C
IA

%
,..

 0
..

I
rt

-t
h 

r 
re

.
ft

 iv
to

1
1

0 
M

r
t

4
n

Pi
rr

ir
t)

ri
.1

15
.1

1
0

M

i%
)

a
C

 r
i

(
l

n
P
.
 
t
i

4
n 

to
N

i
V

I
-
,

t
;
 
W 01

6.
1.

11
11

01
11

=
m

om
m

m
ftw

om
im

ul
l

ro

I
1

V
11

1 
i i

 1
1

5
12

F

iii
ipp

si
i

i
I
I

o
r.

11
g

8

i

I

0 k i 0 t SI n0 i
s

.
1
.

.
1
.

+
,

,
,

,
,

,
,

,

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

S
c
i
e
n
t
i
f
i
c

i
t
e
l
o
a
r
c
h
 
I
n
s
t
i
t
u
t
e

$0
+

 +
If

4
$
1
1
1
1
1
0
D
e
s
i
g
n

B
u
r
e
a
u

I
i

I
+

If
/S

IM
+

+
01

.1
11

1.
D
c
e
i
g
n
-
T
e
c
h
n
o
l
o
g
i
c
a
l

B
u
r
e
a
u

-
-
-
-
-
,
.
.
.
.
.
.
.
.
.
,

P
r
o
j
e
c
t
 
O
r
g
a
n
i
z
a
t
i
o
n

I
I

+
1
8
+
1
+
 
+

+
+

I
+

+

I
o

+
+

+
+

+
+

+
+

+
+

+
+

E
x
p
e
r
i
a
b
e
n
t
a
l

P
r
o
d
u
c
t
i
o
n
 
P
l
a
n
t

4
4
.

4
.

4
4
.

.
1
.

4
,

.
1
.

.
1
.

4
,

+
1
,

.
1
.

.
1
,

S
e
r
i
e
s
 
P
r
o
d
u
c
t
i
o
n

F
a
c
i
l
i
t
y

+
i

t
1
1
1
;
1
1
1
1
1
.
1
.
1
1
n
s
t
a
l
l
a
t
i
o
n

A
l
l
e
m
b
l
y
,
 
S
t
a
r
t
u
p
 
a
n
d

O
r
g
a
n
i
z
a
t
i
o
n

1
1
4
.

i
i
i
i
i
i
i
i
i
i
i

A
T
r
a
i
n
i
n
g
 
a
n
d

M
e
t
h
o
d
s
 
C
e
n
t
e
r

-
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

g 8



have created special departments (affiliate services
of the NPO) which include design engineers and tech-
nologists who assist the plants in retooling and man-
ufacturing new products.5 In general, though, this
set of important functions is not yet being performed
by the majority of NPOs.

Underlying these issues of rh^ optimal structure,
composition, and functions of the science-production
association is the problem of what in American busi-
ness terminology is called "k)roduct differentiation."
Given the array of new structural designs and asso-
ciational forms that have evolved since the late 1960s,
the NPO has had difficulty in gaining and maintaining
a distinct identity. Lacking a precise definition of
the NPO, some ministries have arbitrarily classified
the new complexes. What are labeled NPOs are, in fact,
production associations or complex scientific insti-
tutions. Some NPOs have experienced problems in pre-
serving their fundamental dual character. Overdevel-
opment of their scientific functions turns the NPO
into a traditional research institute, only larger.
Hypertrophy of production operations, on the other
hand, transforms the complex into a production asso-
ciation. The difficulties of maintaining a "dialec-
tical unity" of functions have led some experts to
press for a fixed ratio or at least minimum levels
regulating these activities.55

The problem of product differentiation is made all
the more difficult because in some instances it is
practically impossible to distinguish between an NPO
and a PO which contains its own large R&D complex.
For example, the Uralmash Production Association in-
cludes a scientific research and engineering design
institute of heavy machine-building which has more
than 6000 workers and does business by contract with
more than 60 R&D establishments in the country. Dur-
ing the Ninth Plan the PO developed more than 100
prototypes of new machines and equipment.56 The dis-
tinction becomes especially fine when a production
association creates new products in small series or
single lots and is one of the major producers of this
type of product, as with Elektrosila.
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On another level, the relations of science-produc-
tion associations with higher ministerial authorities
are not uniform and regularized. In some branches
there is no permanent body to lead NPOs. Where such
organs exist they sometimes fail to take into account
the distinct features of individual associations and
regard them all as alike. Some ministries and agen-
cies approach NPOs as ordinary research institutes or
industrial enterprises.5 The lines of subordination
also vary. A few NPOs, such as Soiuznauchplitprom
and Mikroblopramreport directly to the ministry (fre-
quently to a deputy minister). The majority, however,
operate on a three-link system (NPO- -glavk /industrial
association--ministry). They report either to one of
the glavki or main administrations in their respec-
tive ministry or to an all-union industrial associa-
tion. Plastpolimer provides an example of the latter
pattern, which will probably become more common as
the ministries reorganize and the glavki are liquida-
ted or transformed into industrial associations. The
majority of NPOs function as the first link of manage-
ment. Yet a number of them conduct from 30 to 100
percent of all R&D done in the branch. In addition
some NPOs are essentially all-union associations.
These differences are not reflected in their legal
status, however. This causes some specialists to ar-
gue that certain NPOs should have additional powers
and prerogatives compared to other NPOs.58

Internal organizational development has also been
marked by problems and diversity. The key issue has
been the degree of legal authority to be exercised by
the central management or head organization as against
that retained by the constituent units. "The criter-
ia for establishing a happy median between loose or
formal merger and overcentralization of decision ma-
king are apparently difficult to arrive at observes
Nolting.59 The aim of creating these new complexes,
it will be recalled, is to break down structural frag-
mentation, to bring the multiple participants in inno-
vation into closer association and even under common
administration.

Meanwhile, the evolution of NPOs up to 1976 shows
two negative tendencies. On the one hand, Integra-
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tion stopped far short of the goal of a unified and
organic system. Amounting to little more than a me-
chanical conglomerate of autonomous units, the NPO
was transformed into "an administrative superstruc-
ture, a superficial link on the path from the minis-
try and glavk to science and production."60 Even
among the earliest and most tauted NPOs institutional
consolidation was slow and incomplete. An investiga-
tion of nine major NPOs of this kind by the Academy's
Institute of Economics in 1974 found that a council
of directors had not yet been formed in three of the
complexes. One still lacked a scientific-technical
council for the association.61

On the other hand, centralization was sometimes
carried to an extreme. Constituent units of an NPO
were denied any autonomy, even in operational manage-
ment and control. This situation proved especially
debilitating when the association contained subdivi-
sions that were highly diverse and geographically
dispersed. As a result the NPO became unmanageable.
The decision process became frozen as each unit was
forced to go to the highest levels and much time was
lost in getting agreements and approvals. In short,
association members became caught in the familiar bu-
reaucratic chain from which they were supposedly to
be liberated.

Of these two tendencies, the first was the most
dominant. The retention of autonomy by components
almost everywhere impeded, if not prevented, the de-
velopment of an integrated planning and management
structure for the association as a whole. Pressure
subsequently mounted on Moscow authorities to impose
greater centralization. Significantly, the official
statute on the NPO, which was finally approved by the
Council of Ministers on December 30, 1975, stipulates
that al: nits joining an NPO are denied any legal
autonomy. At the same time, the ministries and re-
public officials have been given some discretion in
applying this ruling and making exceptions.62 Intra-
associational relations are likely to continue to re-
flect substantial diversity in practice, if not in
form. How successful the 1975 statute will be in
overcoming formal merger without leading at the same
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time to excessl.ve centralization still remains to be
seen. Writing in the Academy's main economic Jour-
n 1 a year after passage of the statute, two Sovict
science experts admit, "While some services are cen-
tralized, a system has still not been found of organ-
izing the mutual relations of structural units and
the machinery of management for the complex as a
whole. "63 Indeed until 1976 NPOs were not even reg-
istered as an independent institutional category at
the USSR Central Statistical Administration. All ac-
counting was done strictly in terms of their individ-
ual structural components. 64

Underlying these prob..ems of the continuing frag-
mentation of planning, financing, and management of
NPOs are serious and unresolved methodological issues.
New integrated performance criteria have not yet been
devised. This explains partly, in fact, why minis-
tries and higher planning and financial agencies per-
sist in issuing plans and finds to separate NPO sub-
divisions. Many performance indicators still relate
to the activities of R&D and production units in
their previously independent status. Existing indi-
cators do not differentiate between R&D subdivisions
that belong to NPOs and those that do not. According
to current methods of accounting and reporting, it is
not possible to aggregate the activity of organiza-
tions that relate to material production and to the
world of nonproduction.65

To be sure, some efforts are being made in this di-
rection. Some norms have been devised for determining
the average length of the research-to-production cycle
and are used in measuring the performance of some NPOs.
According to Tabachnikas and Skliar, however, these
norms are established rather arbitrarily, largely "by
eye." No fixed and uniform methodology exists yet
for this purpose. In other associations indicators
are used to determine the degree to which the research-
to-production process has been reduced over time. Tak-
sir points out, however, this kind of norm is of dubi-
ous value because reduction of the innovation cycle
obviously has a limit." What methodological progress
has been made in developing integrated evaluative in-
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dicators and norms for NPOs is still largely experi-
mental. Not everyone realizes yet that the NPO is
not simply the sum of its parts but represents a
qualitatively new type of organization.

Looking back on the first decade of its life, then,
we can say that this new institutional form has still
not found its proper place in the Soviet scheme. Very
few NPOs have approached--much less achieved--the
goal of creating an organizationally, technological-
ly, and economically integrcted system for promoting
innovation. In most, "science" and "production" con-
tinue to lead separate lives. The administrative
barriers between them have not been effectively bro-
ken down. Organization-building has been marked by
much confusion and diversity, not to mention bureau-
cratic opposition and lethargy. In the absence of
clear guidelines from the center, branch ministries
created NPOs as they saw fit, often obliterating the
boundaries between different kinds of research and
production complexes. Sometimes NPOs were put to-
gether without any systematic research and analysis
of design and development problems. Little consid-
eration was given to their place in the context of
future directions and needs of the branch as a whole.67
Initially, the lack of a formal statute permitted
needed flexibility and experimentation. It also re-
duced the danger of putting these new structures in-
to an organizational straitjacket and monolithic mold.
More and more, however, the absence of a document es-
tablishing the legal status of the NPO and defining
its basic functions and principles of organization
had prevented the solution of a number of complex
problems. The associations were recognized as being
frozen in their units, forms, and relations. A new
stage of development came in 1976. After confirma-
tion of the NPO statute, Kremlin authorities stepped
up efforts to impose greater clarity, order, and di-
rection in the affairs of the associations. The ef-
fect of these measures remains to be seen. Taken to-
gether they form :art of a broader drive to make the
Tenth Plan a period of "development not only in
breadth but also in depth" for research and produc-
tion complexes of all kinds, and not just NPOs. As
for the latter specifically, they are expected to grow
to 200 to 250 by 1980.68
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At the same time, expectations for the NPOs seem
to have cooled. Much of the initial optimism that
surrounded them has dissipated. As one Soviet observ-
er noted in the summer of 1976, "One can hardly find
now defenders for the view that every branch inst:.-
tute should be turned into an NPO. The opinion .1..s
growing slowly but steadily that the number of NPOs
in industry cannot be big, perhaps three or four in
one ministry." "And if this is so," he continued,
"then it is necessary to recognize directly that the
NPO is a partial solution to the problem of strength-
ening the ties between science and production."69 V.
G. Shteingauz also concludes, "The NPO must be re-
garded as a successful but far from the only form of
integrating research with production."70 The NPO is
still expected to play an importantand even Increas-
ingrole in accelerating innovation and technical
progress, but other integrating structures will have
to be developed.

In this light, the growing Soviet interest in es-
tablishing specialized introduction organizations
whose task is explicitly the implementation and dif-
fusion of new technology and production techniques
merits brief discussion. Since this function is not
the main job of either scientific or production or-
ganizations, a new type of institution is needed for
this purpose that is neither a research institute nor
an industrial enterprise, some specialists argue.
They see innovation--the exploitation and application
of new ideas and designs--as a distinct activity that
is fundamentally different from both research and
production. Hence, they maintain that new technology
transfer vehicles are required to perform vital but
neglected innovation functions. Such specialized or-
ganizations are depicted as the new connecting links
between science and industry which serve as important
"middlemen" facilitating and mediating the research-
to-production process.71

Attention to these new structural forms has grown
in part because the science-production associations
have proven to be more successful at creating new
technology than at applying it. While a few NPOs
conduct extensive innovation activities, they are the
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From a Western perspective, the fifth category of
innovation organization identified by Taksir is per-
haps the most interesting. This group is comprised
of what can best be described as profit maximizing
engineering or management consultant firms. They are
created and sustained through the private initiative
of technological entrepreneurs seeking to exploit S&T
advances. Offering a broad profile of services, these
organizations exist essentially outside the formal
economic system and beyond official planning and con-
trol. Paradoxically, this is both their greatest
strength and their greatest weakness. In accord with
the initial decentralizing spirit of the 1965 econom-
ic reform, more than a dozen of these new technical
firms sprung up across the USSR. They included, for
example, Fakel (The Torch) in Novosibirsk, Novator
(Innovator) in Baku, Iskra (The Spark) in Tomsk, Po-
isk (Search) in Severodonetsk, and Telm (Tempo) in
Moscow. By the early 1970s, however, most of them
were forced to close their doors. Others continue to
lead a semi-legal life. In general, these institu-
tions have not been stable and surviving additions
to the Soviet S&T establishment. This is not because
they have been inefficient but, on the contrary, be-
cause their success and viability have not been ac-
ceptable in ideological and political terms.

Tndicative of the nature and fate of these ent re-
preneurial vent- res is the "tale of the Torch."7'
Fakel was set up by a few young scientists-entrepre-
neurs in 1966. It had no budget, no material sup-
plies, no paid staff, and no office space. After
compiling a list of prospective consultants and their
specialties, the founders simply set up headquarters
in a dormitory of the University of Novosibirsk and
began soliciting contracts. Consultants would be se-
lected to work on problems in their spare time. Var-
ious organizations were paid for the use of their
equipment and facilities during non-working hours.
The Torch received 3.5 million rubles from 263 con-
tracts for the period up to June 1970. Allegedly,
the innovations introduced by it resulted in a sav-
ings of 35 million rubles. These included the devel-
opment of an optimal plan for forest exploitation in
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Novosibirsk Province, a system of computer analysis
of seiRmi_c materials for a local geographical expedi-
tion, and an experimental model of a Torch-built
swamp vehicle for oil exploration in Western Siberia.
Other projects were in '1,a^ fields as gold extraction,
the use of manure, and -be ,levelopment of control de-
vices for the Novosibirsk tower Station. Despite
support from the Presidium of the Siberian Division
of the Academy of Sciences, not to mention the local
Komsomol authorities under whose wing Fakel formally
operated, however, this efficient but unconventional
organization came under strong attack and eventually
closed down in May 1971.75

One of the few firms of this kind to have survived
(in modified form) is Novator. Formed in 1967 and re-
organized by leaders of the Azerbaidzhan Republic in
1971, it has since been put under dual subordination
to the Azerbaidzhan Ministry of Local Economy and the
State Committee on Inventions and Discoveries. Basi-
cally, the firms seeks and screens relatively simple
'orphaned inventions" from institutes throughout the
USSR that cannot exploit them. By 1976 Novator was
doing an annual business of over a million rubles.
Since its creation the firm has developed and dissem-
inated more than 120 innovations. Some of these have
been awarded state medals, and others have been dis-
played at the Leipzig international trade fair.76

Scientists in particular attempt recurrently to
revitalize and legitimize these entrepreneurial firms.
Recently in the Academy's main economic journal Tak-
sir and M. T7Zrasnokutskly argued that these institu-
tions were viable and desirable. They urged that
these products of private initiative be turned into
state organizations with a firm legal basis.77 The
central issue is the institutionalization, if not bu-
reaucratization, of entrepreneurship. The problem is
how to preserve these efficient innovating forms with-
out destroying their spontaneity, independence, and
elan vitalthe very foundation of their success.
Some Soviet specialists recognize that entrepreneur-
ship is frequently associated with specific and spe-
cial personality traits. Like R. M. Shteinbok, they
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must reflect "socially necessary expenditures of pro-
duction." With new product innovation, the problem
with the traditf.onal system is as simple as it is se-
vere. As cumulative output increases, cost declines
for a host of reasons which collectively may be la-
belled "learning curve effects." While market compe-
tition acts to force corresponding declines in prices,
fixed prices will yield larger profits as the product
becomes increasingly dated.

Formulating price-setting methodology and monitor-
ing its application are the responsibility of the
State Committee for Prices. Fairly recently, the Com-
mittee has begun to implement measures for introducing
at least step-wise or staged price flexibility. The
essence of the new techniques is described by Ivanov:

One of the rules of price formation is that the
savings obtained by an innovating enterprise
should not exceed 50 percent of the total eco-
nomic gains. Prices on new articles may change
with time, assuring the producer fast write-off
of initial start-up costs as well as reasonable
profitability of production at all stages of the
market cycle' of the innovation.

Specifically, prices for items which make only
minor improvements or changes in existing prod-
ducts are established in conformity with the
price level of their prototypes with adjustments
made for the savings effected by the product im-
provements. Prices for radically new items are
established in stages. First, temporary prices
are fixed which include planned cost of produc-
tion of the new article plus a profit margin
that is based on the norm of profitability of
the enterprise for a given year for its basic
output. However, it should not exceed 20 percent
or be less than 10 percent of the planned cost
of production. After the expiration date of tem-
porary prices (When the initial costs for new
production have been written off), permanent
wholesale prices are established for new prod-
ucts. In case of high quality products which
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have been awarded the State 'Seal of Quality,"
prices may include a special incentive markup
amounting to 0.5 to 1.0 percent of the prof-
itability norm, but under the condition that
this does not increase the producer's share
of economic returns by more than 50 percent.
This markup is established for a period of 3
years and can be lifted if the article does
not meet high quality standards during the
next certification.

In turn, permanent wholesale prices on new
products may be fixed for a limited period
of time and in stages. Such differentiation
has the goal of imparting to price formation
additional effectiveness as a weapon for re-
moving from the market obsolete products, as
well as preserving the fair distribution of
economic gains produced by the application
of new technology between the producer and
the consumer as the cost of production de-
creases. Step-like, sequentially lowered
_,-4,zes are therefore established for prod-

whose costs are particularly elastic in
relation to the volume of the series which
saturates the internal market to a high de-
gree and also for products with high rates
of obsolescence.89

Important elements of this description are the at-
tempt to tie product prices to a measure of quality
and the intent to divide the "benefits" or economic
returns an a new product between the producer and the

consumer, thereby rendering the product advantageous
to both. This benefit is transmitted through the ef-
fect of higher prices on establishment success indi-
cators and, hence, on the primary bonus fund. And,

finally, the step-wise character of pricing is in-

tended to promote product turnover. Imparting price
flexibility by administrative means is costly and
cumbersome, but promises benefits.

Other recent efforts relate the size of primary
bonus funds to technological advance and the evalua-
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bonus fund is to be used for lump sum payments to in-
dividuals or collectives as a reward for particularly
noteworthy achievements. Innovation is prominent on
the list of such achievements. We do not know the
extent to which such payments are actually made to
reward innovation activity, but they do offer the po-
tential of a flexible and effective stimulus, at least
from the perspective of the recipient. However, the
caveat applicable to the Fund for the Creation and
Introduction of New Technology is also pertinent here.
A lump suo payment may make the participant better
off, but if the innovation should cause the entire
bonus fund to shrink, the labor force as a whole will
suffer. Indeed, the motivating effect of all these
special incentives for innovation is limited. The
statutory ceilings on individual bonus earnings are
such that no person may receive an excess of 90 to
110 percent of his base salary in bonuses of all
kinds. The relative balance of risk and reward as-
sociated with innovation, Berliner concludes, still
tends to motivate Soviet decision makers and managers
to discriminate against innovation in favor of alter-
natives that involve no change in products or proces-
ses.

In sum, throughout this section we have described
briefly (and incompletely) elements of Soviet plan-
ning, managerial, and finAncial policy which influ-
ence the degree and rate of new technology utiliza-
tion. While noting that the system must in fact be
formulated and set in operation as an integral unit,
we have been forced to analyze each unit separately.
Yet, for traditional practice, this approach does not
severely distort reality, since the stages of R&D,
the participants, and the various policy makers all
tend to be disjointed. However, we note in passing
that experiments are underway in certain ministries
to "unify" not only the stages of R&D but also the
entire policy-making process. The system, depicted
schematically in Figure 11-4, originated in the elec-
trical engineering industry. Planning is to be "con-
tinuous," accounting for all stages of the innovation
process. Similarly, financing originates in a Uni-
fied Fund for the Development of Science and Technol-
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FIGURE 40-4 BASIC SCHEME OF THE SYSTEM OF PLANNING, FINANCING, AND ECONOMIC STIMULATION
OF S&T DEVELOPMENT IN THE SOVIET ELECTRICAL ENGINEERING INDUSTRY
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ogy, again accounting for all stages. Wit.iin this
system planning, finance, management, incentives, .71/1.1
other elements are to be closely integrated. This sys-
tem does represent a radical departure from tradition-
al practice and has been successful, though it has
been slow to diffuse. The pattern and impact of its
broadening application in Soviet industry should be
followed carefully.

EVALUATION OF Raj RESULTS AND PERFORMERS

The basic notion of comprehensive planning of R&D
and economic activities implies the ability to prede-
termine results in some detail. Thus, in the plan-
ning process, a set of evaluative criteria, the tar-
gets themselves, are generated and in fact are used
in assessment at designated plaa cLAIines. Because
the resulting performance rewards, suds as the size
of bonus funds, sometimes are planned it may even
be said that evaluation telf sot- extent is pre-

determined.

Of course, the accuracy of this characterization
increases as the precision and cf planning in-
crease, which occurs as R&D approaches the production
assimilation stage. Thus, for design, development,
and production establishments formal evaluative cri-
teria are utilized which, whenever possible, incorpo-
rate quantitative measures. Indicators employed in
pia' formulation (volume of work, number of projects
completed) and project selection (economic return,
technical measures, social criteria) are also used in
evaluating the establishment. Though calculations of
actual or realized economic return are, in principle,
to be made following the application of R&D results
in production or use, they are in practice rarely
computed or recorded. Decisions regarding evaluation
and incentives are taken predominantly on the basis
of planned or projected estimates of return, not on
real results ane savings.

2 .4
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The fact that individual compensation to some ex-
tent is tied to plan and project measures implies
that evaluation of employees and participants pro-
ceeds in similar fashion. Of course, subjective
judgment always enters into personnel evaluation,
but attempts are made to maximize reliance on ob-
jective criteria. Performance in meeting quantita-
tive plan targets affects not only income but also
careers of production managers, for example, and
thus is held to be an indicator of general managerial
capability.

As planning becomes less precise and detailed in
applied and fundamental research, there is a commen-
surate increase in reliance on subjective evaluation.
In practice, a mix of objective and subjective crite-
ria is employed to take into account the originality
and long-range promise of R&D, its economic and so-
cial usefulness, etc. 91 At the same time, the pro-
cedure for performance evaluation tends naturally to
be internalized 3r1 research facilities, as the re-
searcher's professional colleagues may be the only
group qualified to judge performance. Still, though,
the formality and hierarchical procedures character-
istic of most Soviet bureaucracies are also press Lit
in the research evaluation process. The results of
the evaluation, in turn, are an important input in
the decision to contil:iu, modify, or terminate pro-
jects which extend beyond standard plan periods. Rec-
ommendations of consultative organs and expert groups
are transmitted up the hierarchy to respective GKNT,
Academy, r-Id Ministry authorities for official deter-
mination of future establishment and project direc-
tions.92

Relatively little information is available concern-
ing performance evaluation criteria and procedures for
individual scientists. Presumably, they differ across
facilities. We briefly describe below the example of
the evaluation system developed and used at the Sci-
entific Research Institute of Physical Chemistry imeni
L. Ya. Karpov.93 The Karpov system, as it has come to
be known, is gradually being adopted in other Soviet
research facilities.
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Salary at the Karpov Institute depends on academic
degree attained, length of service, and results of
work. To evaluate the last element, a "certifica-
tion" commission convenes which includes leading sci-
entists and representatives of management and social
organizations. The commission evaluates employees
not less than once every three years. A 10 point ra-
ting system is used, and the following criteria are
employed to evaluate the individual:

1. Professional qualifications

2. Diligence at work

3. Prospects for further activity

4. Originality of research

5. Theoretical level of research

6. Experimental level of research

7. Value of research for theory

8. Value of work for practice

9. Ability to work independently

10. A-Ility to org...nize work for subordinates

11. Participation in work of technology utilization

12. Participation in social activities

13. Direct participation in experiment work94

The commission makes two kinds of recommendations as a
result of its assessment: (1) maintain or modify job
tasks; and (2) increase or decrease salary or keep it
at the present level. The results of the evaluation
are approved by the learned council of the institute.
The decision of the council is final."
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In general, Soviet procedures for evaluating R&D
results and performers tend to be formal and highly
structured. The work of both individuals and insti-
tutions is evaluated primarily in terms of their for-
mal fulfillment of thematic and financial plans, not
on the basis of the real value of their S&T achieve-
ments. There is a strong tendency therefore to pro-
pose "safe" and relatively minor themes, whose param-
eters are fairly well known and results more certain.
As Academician Ya. Kolotyrkin comments, "An institute
can fulfill its subject and financial plans year af-
ter year without contributing anything to technical
progress."96

Recently efforts to tie R&D planning and resource
allocation, management and incentive programs to end
results--the ultimate application of technology in
new products and processes--have mounted. Throughout
this study we have mentioned the increasingly ubiqui-
tous tho=igh still ambiguous measure of "economic re-
turn or effectiveness." If the utilization of R&D
was almost ignored in science policy in the past, then
since the /ate 1960s it has come to have almost exag-
gerated emphasis. There are important limitations,
however, on the utfaity of practical application as a
criterion for evaluating R&D results and performers.
Some science specialists contend that RSD organiza-
tions should not be evaluated in terms of the final
stages of the innovation process in which they still
have little direct participation, much less control.
Furthermore, the evaluation of results and real re-
turns must be long range because of the necessarily
prot acted process of moving results from the lab in-
to use. Hence, the operational character of evalua-
tion is lost, and its motivating role is diminished.97
As 0. I. Volkov notes, scientific R&D organizations
cannot be evaluated by the same criteria as production
establishments. They require an independent system of
indicators, instruments, and special organization of
management which, though closely linked with the eco-
nomy, possesses at the same time necessary autonomy."
Science has its own internal development needs which
must be attended to, besides its external relations
and linkages with productiorl.
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DIFFUSION OF R&D RESULTS

In the Soviet economy, under traditional organiza-
tional and operating principles, diffusion of new
technology should not differ markedly from innovation.
That is, the first introduction and subsequent intro-
duction are not so sharply distinguished in the USSR
as in the West. Part of the reason for this is organ-
izational. When branch institutes or design bureaus
are independent, they are meant to serve impartially
all production facilities in the branch, and proprie-
tary rights over innovations are not associated with
the first introduction or use. Innovation may be in-
troduced simultaneously or sequentially in facilities,
with little advantage accruing to the first user.

The absence of competitive pressures in the Soviet
economy also means that the economic viability of the
noninnovator is not automatically threatened by its
failure to act. The production facility in the USSR
is responsible to its administrative superiors. For
the most part the facility is competing not against
other facilities but instead against its own perfor-
mance in previous periods. Because targets tend to
be set in relation to earlier own-facility results,
and because of conditions of general excess demand,
facilities of widely differing productivity levels
and innovative postures can coexist in the Soviet eco-
nomy for indefinite periods.

Today these situations are changing somewhat, in
part because of a conscious desire of the Soviet lead-
ship to encourage more rapid technology diffusion. Or-
ganizationally, the affiliation of R&D and production
establishments, as in the science-production associa-
tion, tends to distinguish an innovation from a dif-
fusion process. Innovation may be thought of as oc-
curring when the NPO plant successfully introduces
the technology, while the NPO leaves the problem of
diffusion to other branch plants. Similarly, to gen-
erate pressure for more rapid process innovation, So-
viet authorities are attempting to rely as much as
possible on branch-wide performance criteria for tar-
get formulation. Of course, branch standards have al-
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ways been the ideal, and the process is slowed by the
fact that inefficient plants are not placed in a se-
verely disadvantageous position. Yet the greater ac-
cent now placed on branch-wide performance compari-
sons may ultimately have a favorable Li pact on tech-
nology diffusion.

In large part, however, the factors outlined pre-
viously which influence technology delivery and uti-
lization by the first producer similarly influence
succeeding adopters. Plans may stipulate introduc-
tion and in general are the basic coordinating and
motivating mechanism for diffusion. Organizational
and financial mechanisms may be employed to create
a favorable disposition toward innovation in all po-
tential adopters. The impact of clearly superior
economic performance is exemplified by the experi-
ence of developing new ceramic tile manufacturing
technology:

In this case it is also vital to note that the
socio-economic consequences of replacinc the
old technology of producing ceramic tiles in
tunnel kilns with a new technology using auto-
mated conveyer assembly lines with slit kilns
were so obvious that adoption of the new meth-
od in industry ... rot only encountered no re-
sistance, but, on the contrary, a whole number
of enterprises and agencies sought additional
ways to move up the fixed schedule for putting
this system into operation.99

In certain Instances, however, the age of a product
determines the applicability of a special innovation-
related program. For example, compensation fcr high
start-up costs from the Fund for Assimilation of New
Technology is only permitted for new products, where
"newness" is defined bureaucratically to apply "if
(a) it is the first instance of the product's pro-
duction in the USSR, or (b) no more than two years
have elapsed since it was first introduced in the
USSR. 100

Special Soviet programs to facilitate diffusion
resemble those in any advanced industrial country.
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Technical information services, managed by the All-
Union Institute for Scientific and Technical Infor-
mation (VINITI), are among the best in the world.
VINITI disseminates Soviet journals, translation
journals, and comprehensive abstracts of foreign and
domestic publications, and assists in publicizing
patents. Most industrial ministries have similar
agencies. Academy, university, ministries, and S&T
societies host frequent technical conferences which
facilitate personal interaction, a potent means of
technology transfer. Actual transfer of personnel
with the direct or indirect intent of transferring
technology tends to occur less frequently, and is
particularly rare across ministerial boundaries.
Standardization programs, such as those concerning
design documentation, facilitate transfer but are a
relatively recent development. Finally, a common
Soviet technique of technology diffusion which avoids
many of the administrative problems described previ-
ously is the construction of entirely new facilities
which "embody" the new technology. However, the per-
formance of the Soviet construction industry is it-
self quite poor, especially concerning lead times,
and the shift of investment funds away from new con-
struction to reconstruction of facilities reduces the
scope for this approach.

In sum, the Soviet innovation and diffusion pro-
cesses are rendered similar, if not indistinguishable,
by the nature of Soviet economic organization and ad-
ministration. The general absence of competitive
pressures in particular is a severe deterrent to rap-
id diffusion. Special programs designed to encourage
internal technology transfer, particularly relating
to information and (potentially) standardization, can
alleviate some of the problems but are not, in our
view, sufficiently effective to overcome barriers to
innovation created by fundamental attributes of the
Soviet economic mechanism.
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comes not only the key force driving modern society
forward but also a major arena of competition between
the world's two opposing social systems. Underlying
the notion of the STR is also implicit- -and sometimes
explicitrecognition of Russia's relative backward-
ness and growing technology gap with the West, espe-
cially the United States. As a letter of appeal from
dissident but concerned Soviet scientists to Party
and government leaders in March 1970 noted frankly,
with respect to the computer age: "We are simply liv-
ing in a different era. The second inch trill revo-
lution came along and now, at the onset of the seven-
ties, we see that far from having overtaken America,
we are dropping further and further behind."1- Thus,
a "historic" task facing the USSR today, as defined
by General Secretary Brezhnev at the 1971 Party con-
gress and reaffirmed by the 1976 congress, is "to
combine organically the achievements of the STR with
the advantages of the socialist economic system, to
unfold more broadly our own, intrinsically socialist
forRis of fusing science with production. "2

Second, there has also been growing realization
that the Soviet economy is approaching the limits of
"extensive" growth and entering a new era that calls
for more "intensive" methods of development. Declin-
ing supplies of manpower and material resources re-
quire a basic shift in development strategy and great-
er emphasis on qualitative improvements rather than
quantitative increases of inputs as the main source
of future growth. Already at the end of the 1960s,
Brezhnev declared firmly that intensification "be-
comes not only the main way but the only way of de-
veloping our economy." Moreover, in this approach he
told the 1971 Party congress, "the acceleration of
S&T progress forges into first place both from the
point of view of current tasks and of the long-term
future." Premier Kosygin similarly insisted at the
1976 congress that without faster translation of S&T
into production "the economy can no longer success-
fully advance along the path of intensification and
quality improvement."3
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International and domestic pressures have combined,
therefore, to make the accleration of S&T progress a
major issue of the 1970s and beyond. Just as he had
defined this to:be the "key task" of economic policy
in 1971, Brezhnev also listed it first among the "key
problems" of the period of the Tenth Five Year Plan
(1976-1980). Indeed, the General Secretary affirmed,
"In our entire economic development perhaps no tasks
today are more urgent and more important."4

There is also enhanced awareness in Moscow of the
need to raise the quality of R&D planning and manage-
ment. No longer can science policy afford to be built
on the basis of "subjective evaluations and wishes,"
contends V. A. Trapeznikov, a first deputy chairman
of the GKNT. Gvishiani describes as a major task of
the day, "To put the development of science itself on
a strictly scientific basis." Dr. Semyon Mikulinsky,
a leading science policy expert, similarly stresses,
"The whole point is that science must be brought to
bear on the management of science itself."5

Accordingly, there has been a proliferation of
science policy studies and "research on research" in
the USSR during the lasz decade. Virtually the en-
tire social science research sector has been put to
work on the problems of acclerating S&T progress. The
main purpose of such studies, Gvishiani notes, is to
provide a strong "theoretical basis on which the fun-
damentals of science policy are worked out." Under-
lying the growth of the "science of science" movement
is an intrinsic belief in and professed need "to study
science as a controllable system and to attempt a more
thorough exploration of the interrelationship of dif-
ferent aspects of this system with a view to increas-
ing the efficiency with which it functions."

In line with the basic Soviet approach to science
and technology generally, the dominant emphasis in
both theoretical study and practical policy has been
on the need for a "systems approach." As Gennady Do-
brov explains, "More than half a century of experi-
ence in the formulation and implementation of Soviet
State science policy shows that one cannot expect to
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have become the key terms of the debate. They point
clearly to the major interface difficulties and de-
ficiencies that underlie such an approach in general
and the Soviet R&D system in particular. Behind So-
viet thought and action is the hope that "the holes
in the whole" can be filled and more effective cou-
pling can be achieved in the creation and application
of new te-1,nology.

INTEGRATING SCIENCE POLICY AND ECONOMIC POLICY

An implicit feature of Soviet thought in the 1970s
was the movement towards a broader concept of science
policy and the closer integration of R&D with the to-
tality of domestic and foreign policy. Traditional-
ly, scientific R&D has been conceived apart from the
wider political and economic context rather than as
an organic part of it. In fact, science has often
been viewed more as an appendage of social and cul-
tural policy than as an aspect of economic policy.
Increasingly, however, attention is being given to
its status as a direct force of production and key
source of economic growth in the era of the STR. The
focus is on relating S&T to a much broader range of
national aims and activities, on the role of R&D in
solving contemporary economic and social problems.

In line with this more strategic approach is
emphasis on external rather than internal criteria
in science policy. By the end of the 1960s Gvishiani
had sounded the new line. He noted that R&D planning
and management was no longer simply a question of the
rational planning of science expenditures, of the
training of scientific manpower, of the allocation c.2
resources, or of the supply of scientific instruments.
"The issue is broader and deeper," the deputy chair-
man of the GKNT affirmed,

It is about the future, about the long-term
development of socialist countries, about
the very fate of the world and of socialism,
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For now only that system can win which is
able to assure itself a vanguard position
in scientific and technical progress-8

To phrase the isst.e somewhat differently, the ob-
ject of planning has gradually shifted from primarily
"new technology" to "scientific and technical prog-
ress" more broadly. Prior to the Eighth Five Year
Plan (1966-1970), planning agencies operated with on-
ly the conc- = of new technology. The notion of tech-
nical progress was confined to theoretical social and
economic literature. Brezhnev himself observed in
1971, however, that the demands of the times required
a change of focus: "In an age when the role of sci-
ence as a direct force of k:roduction keeps growing,
separate scientific achievements, no matter how bril-
liant, are no longer the central issue. What is cen-
tral," the General Secretary asserted, "is a high S&T
level of production as a whole."9

However, there is no consensus in the Soviet Union
regarding the definition of "new technology," "the
technical development of production," or "scientific
and technical progress."1U To a large extent, disa-
greements about the meaning of "managing S&T progress"
replicates the ongoing disputes about the general con-
cept of "management." A semantic jungle exists in
both spheres.11 In essence, the issue is how to make
the concept operational, how to designate the bound-
aries of S&T progress--its structure, content, and
component elements--as an object of planning. Without
a precise definition it is extremely hard to estab-
lish the place and role of the concept in the general
system of economic planning and management.12 Acade-
mician Fedorenko admits, in regard to the prolem of
modeling technical progress and its economic, social,
and ecological cc%1_;equences, "we are only at the very
beginning cf complex and arduous rese-rch." Signif i-
cantly, with the Tenth Five Year Plan a new subdivi-
sion on basic indicators of S&T progress was added to
the plan for the development of science and technolo-
gy. It represents the first attempt to define some
basic technical and economic parameters characteriz-
ing the level of production and the manufacture of
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output. However, in the words of one high Gosplan
official, the choice of appropriate indicators re-
mains problematic, because "there is essentially no
experience in this area."13

As Kremlin policy makers have focused less and
less on R&D as a relatively isolated entity and more
and more on the interplay of R&D with industry, of-
ficial Insistence grows that R&D and its applications
be closely linked. The aim of policy cannot be sole-
ly the expansion of S&T per se or "science for sci-
ence's sake" but must include its use as an instru-
ment for economic growth and industrialization. "Rel-
evance" has become a big issue, if not the fad of the
day, as the Soviet leadership seeks greater and fast-

er payoffs from the nation's substantial investment
in scientific R&D. Indeed, a major challenge con-
sists in formulating a science policy to promote in-
novation, to build an effective strategy of research

utilization. In the early 1970s Brezhnev, in fact,
singled out the application of R&D results as the
most important but also the most deficient aspect of

S&T policy. "If we examine all the links of the in-

tricate chain that binds science to production, we
shall easily see the weakest links are those relating

to the practical realization of scientific achieve-
ments, to their adoptioi in mass production." It was
necessary, the General Secretary stressed, "to create
conditions compelling enterprises to manufacture the

Latest types of products, literally to chase after
S&T novelties, and not to shy away from them, figura-
tively speaking, as the devil shies away from holy

water."14

Despite the espoused need for more effective cou-
pling, however, the integration of science policy and
economic policy has been slow and difficult to achieve

in practice. In May 1974 the Chairman of Gosplan
still noted, "It is urgently necessary to shift from
the planning of S&T potential, which is what the S&T

plan is at present, tc planning the mass production
and diffusion of new technology."15 Planning R&D re-

mains geared to the creation of new technology and
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ciency- -and this must be said again and again--is the
most importat component of our entire economic strat-
egy. In the 1980s accomplishment of this task will
become especially urgent. "23

Under these conditions, problems of choice, prior-
ity, and policy have become increasingly important.
In turn, they have fed the quest for relevance and
the driv to weed out unpromising and unimportant
lines of research. That much still remains to be
done in this regard, however, is evident from Brezh-
nev's remarks to the presidents of the academies of
sciences of several socialist states in February 1977,
"But why not admit it," he said frankly. "The live and
healthy tree of science sometimes has dry and even
barren branches. It still happens sometimes that re-
search is conducted in completely peripheral or even
in simply fruitless directions."24

Unfortunately, there are no reliable statistics
that show the impact of the government pressure for
technology development and delivery on the actual
structure of R&D expenditures. It apr._77s, hawever,
that the commitment to fundamental researc- remains
firm and that there has been no significant shift of
funds away from basic science. Indeed, the budget of
the USSR Academy, the citadel of basic science, has
reportedly grown faster in recent years than the na-
tional budget for R&D as a whole.25

These pressures for economy in R&D and for improv-
ing research utilization, in turn, have generated ris-
ing interest in cost effectiveness studies. m in-
tense search is underway for criteria and ways by
which to measure the return on investment in new tech-
nology. Opinions differ greatly and obstacles abound,
however. A number of specialists caution against ad-
hering too stringently to economic cost alone in as-
sessing new technology. Some stress the need to take
into account "social effectiveness," as expressed in
improved sccial relations or better working conditions.
Similarly, a few champion what is sometimes called
"ecological" or "wasteless" technology, such as pol-
lution control devices. Adopting yet a different
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view, others argue that "science is not a lottery
with guaranteed prizes. Many lines of research pro-
duce no profit, or at least none measurable in terms
of money." There are also some who emphasize that
the magnitude of the socio-economic return depends
not only on the result itself, but also on the speed
and scale of its application. Many a good scientif-
ic idea or engineering solution quickly becomes ob-
solete.26

In addition to this diversity of opinion about the
efficiency of technology, various procedures have
been developed for calculating its effectiveness. Un-
til recently, each ministry and state committee used
its own method and set of indicators. Without uni-
form methodology, however, ar comparative evalua-
tion and choice among alternative S&T designs is im-
possible. Significantly in February 1977, a unified
methodology for the calculation of the economic re-
turn of new technology, inventions, and efficiency
proposals was made compulsory for all branches of the
economy. The procedures contained in the methodology
had been tested since 1971 in the unified fund minis-
tries. However, in spite of the comprehensiveness of
the methodology and the extensive preparation and ex-
perimentation behind it, the individual ministries
are still required to devise instructions for adap-
ting it to their own accounting practices and cate-
gories of output.27

In general, past procedures for measuring economic
return have had major deficiencies. The anticipated
effect has been systematically exaggerated, and the
actual return is not properly considered or monitored.
In fact, no statistics are kept in -zhis regard. The
-Iystem of 'ncentives is also pegg,d to the calcula-
ted return: Not surprisingly, therefore, Lev Gatov-
sky, a prominent authority on the subject, confirms
frankly, "Up to now the economic effectiveness of new
technolog has not been a leading principle in econom-
ic managemon.t or an object of planning."Z8 V. S. Ta-

rasovich and Yu. B. Kliuka add,
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Calculations of effectiveness, as a rule,
are made only after basic work is completed,
that is, when expenditures have already been
made and time and resources are spent. Con-
sequently, these calculations essentially
are directed not to substantiating the ex-
pediency of conducting work but to the 'just-
ification' of costs already incurred."29

At a national round table on S&T progress, held in
Moscow in the fall of 1975, it was noted that the
dominant engineering thought of the country remains:
"I create technology and leave the effectiveness of
production to others."30 Thus, much remains to be
done before substantial progress can be made in ziov-

ing towards an intensive mode of growth and before
an effective strategy for using S&T can be worked out.

ACHIEVING ORGANIZATIONAL FLEXIBILITY
AND INSTITUTIONAL RESTRUCTURING

In seeking ways to improve effectiveness of R&D,
Soviet analysts and policy makers have begun to think
seriously, really for the first time, about Organiza-
tion. Basic concepts related to organization and the
structural requirements of technical progress are be-
ing reexamined and revised. A relatively stati7 view
of organizational structure as an immutable given !.s
being replaced by more dynamic conception of orga
ization as a set of complex variables about whizh c

siderable choice can be exercised.

Organizational design itself is becoming recog-
nized as a distinct and important area of expert anal-
ysis and management specialization. To be sure, there
has long been a penchant for organizational engineer-
ing. Almost by reflex the remedy for any prcr)lem has
been "to reorganize " - -of ten without organization stud-
ies. Until recently, the political commaad simply
did not see any need to do anything abut organiza-
tion, to think about organization, much less to thinx
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Sheinin also notes that many R&D institutions "izon-
tinue to exist largely by inertia, become preoccupied
with far fetched of secondary problems, and avoid new
directions and new questions, becoming ends in them-
selves. "37

Two major organizational deficiencies in science
and technology come in for particular criticism. The
first is the relative rigidity and bureaucratic char-
acter of R&D institutions. E. I. Gavrilov faults
these organizations for "their slow response to chang-
ing goals, tasks, and projects, their incapacity for
extensive integration and cooperation, and their in-
effectiveness in resolving scientific and production
tasks." V. N. Arkhangelsky sees the main weaknesses
of R&D structures as their "static quality" and "or-
ganizational exclusiveness." In the same vein, Mi-
kulinsky writes, "New lines of research find it ever
harder to find their place within the fram-=work of
established collectives and crystallized organiza-
tional forms." Gvishiani, too, speaks about science
having "a surplus of stability and in some instances
even of conservatism.' One of the main demands be-
ing made on science, he stresses, "is that it should
become much more flexible and laobile and capable of
much easier and faster reorganization and even of to-
tal restructuring, when the need arises."38

At the same time, organizational change is recog-
nized as being a formidable task. Gvishiani himself
admits, "It is extremely hard to recast the structure
of a scientific establishment that has taken decades
to shape." In practice, it is easier to create a new
R&D facility than to transform an old one. This op-
tion, however, which has been frequently used, is
less viable today given the constraint.; on resources
and need for intensive de relopment of both science
and industry. Moreover, restructuring involves build-
ing organizations that are not only more fluid but al-
so both flexible and stable. Yet finding the -ighr_
blend of adaptability and stability is the "ma_ dif-
ficulty" in the organization of Soviet S&T today,
Gvishiani emphasizes." The deputy chairman of the
GKNT and others also acknowledge that the major prob-
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lams in restructuring frequently revolve around the
inability and unwillingness of scientists and engi-
neers to switch from one field or project to another.
The creation of large integrated research and pro-
duction complexes requires a corresponding psycho-
logical remolding of collectives which are used to
working in isolated groups. 40 In short, institution-
al restructuring involves considerable behavioral en-
gineering and attitudinal change. The organizational
issues, therefore, go beyond strictly structural and
technical factors, a point that some--but not all- -
organizational reformers and "enthusiasts" realize.

The second major deficiency concerns the organiza-
tio--1 dissociation of R&D participants and the se-
vere coupling problems that this creates in moving
ideas from the lab into use. The traditional ap-
proach to innovation, based upon extreme functional
specialization by institutional performers, has left
the process structurally fragmented and shapeless.
Structural barriers have been created all along the
innovation chain. In essence, the process has been
unorganized and unmanaged.

To overcome this fragmentation, special emphasis
is now being put on the need to apply a systems mod-
el of organization to innovation. Virtually every
major writer on science policy in the 1970s, in fact,
joined--if not led--the burgeoning systems movement
in the USSR today. Because it focuses attention on
interrelationships, interdependencies, and integra-
tion, the systems approach is regarded by many to be
a viable conceptual framework for analyzing and solv-
ing structural design problems. Its emphasis on
study of organization of the research-to-production
cycle as a total system is new and underscores the
emerging broader view ,.-:-.f organizational structure as
a means of facilitating decision making, motivation,
and control. The application of a systems model
transforms the innovation process allegedly into "a
unified and self-regulating dynamic system." The re-
search cycle becomes "a continuous and goal-dixected
process."41 Recent organizational policy alms, then,
at making the process both managed and manageable.
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Practical manifestations of the systems approach
to organization are seen in the variety of integra-
ted structures and new associational forms linking
research, development, and production activities that
have arisen in recent years. Research and production
complexes have indeed become a pLenomenon of the
times. Regional R&D centers, modeled somewhat after
American research and industrial parks, have sprung
up in a number of areas and joia industry and educa-
tional institutions or academy institutes and exper-
imental production facilities.

Wrestling with the problems of innovation, Kremlin
authorities have become increasingly aware of the im-
portance of linkage and of the need to structure more
explicitly and effectively the vital interfaces in
the transfer process. Accordingly, linkage is a prom-
inent feature in the designing of new structures or
modification of established arrangements. The search
for more effective and flexible designs has also led
to rising interest in project and matrix forms of or-
ganization and management. Indeed, the matrix model
is seen by some analysts to be the ideal structure
for R&D in the future. It is regarded as an effec-
tive way of institutionalizing flexibility and sta-
bility. 42 At present, however, matrix organization
is still used on a limited and experimental basis in
civilian R&D. Nonetheless, current organizational
the .ght, at least in some prominent Soviet circles,
poir.ts to an expansion of the matrix and of other
shapes for R&D management in the 1980s.

In sum, a new and more sophisticated style of
thinking about organization and the structural re-
quirements of technical progress has recently devel-
oped in the USSR. New attitudes and approaches are
emerging as the leadership begins to address some of
the fundamental structural problems impeding S&T per-
formance and capacity. Both foreign and domestic ex-
perience have cunvinced some sr-ments of the ruling
elite that "the management structure of economic or-
ganizations should be designed no less carefully than
new technology," according to Georgy Arbatov, Direc-
tor of the Institute for the Study of the USA and Can-
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ada.43 Monolithic organizational perspectives are
gradually giving way to multi-institutional views
as the Kremlin seeks to cope more effectively with
advancing techn:Aogy and complexity.

To be sure, practice lags behind conceptual ad-
vances. V. A. Trapeznikov of the GKNT admits that
in structuring and managing large complexes and or-
ganizational SST systems "we are essentially only be-
ginning wrrk."44 Organizational experimentation and
structural change have been limited. Nonetheless,
the leadership appears increasingly serious about
helping make organization itself a positive force for,
rather than impediment to, innovation. Given the
heavy emphasis on organizational issues and approach-
es, in fact, the kf.; to innovation seems, at times,
to be simply "management by structure." In any case,
it is important to note that the basic building
blocks are beginning to assume new shapes. Integrat-
ed research and production complexes are coming into
being. Organizational arrangements are being repat-
terned and authority lines recycled. The Soviet S&T
establishment is in motion and in transition.

IMPROVING PLANNING AND RESOURCE ALLOCATION

There is also enhanced awareness of the complexity
of planning and stimulating S&T progress. Some of
the shortcomings and disincentives of the planning
system with respect to innovation have become steadi-
ly apparent, as has also the need for greater initia-
tive and use-,--stimulated innovation in R&D. "We can-
not divide the 'plan-stimulation' formula into two
parts and subordinate one to the other," some spe-
cialists argue. "We all realize," they add, "that it
is impossible to solve the whole problem by moving
just one lever alane."45 Thus considerable attention
was given in the last decade to strengthening the
role of "economic mechanisms" (e.g., prices, credit,
profitability) and of various incentive schemes in
promoting scientific research, development, and de-
livery.
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The dominant approach to S&T policy, however, re-
mains fundamental] -- management-centered rather than
entrepreneur- Gr market-centered. V. M. Ivanchenko,
an official of the USSR Gosplan, expresses the pre-
vailing view: "If_ is impossible to transfer problems
pertaining to she acceleration of S&T progress
economic levers and stimuli alone." The predilet, Drt
for central planning persists. The commitment to
central planning remains firm. Indeed, it is said,
"The management of technical progress needs to be
centralized more than any other area of economic man-
agement." The national economic plan proper, conclud-
ed the recent round table of experts, "must be the
main link that we must grip in order to pull the en-
tire research-to-production chain . "46

In the sphere of SST planning, attenton has fo-
cused largely on two needs: long-range forecasting
and planning geared to the ultimate utilization of
research results; and :ore integrated program-type
planning and effective project control. To meet the
first need, Soviet authorities have pressed the cam-
paign to extend the horizons of Planning beyond the
prevailing short-term incremental mold in order to
accommodate the kind of decision making and long lead
times inherent in the development of science and tech-
nology. For all prac:.:ical purposes, Soviet economic
planning is an annual matter. The dominant tendency
is to plan "from the achieved level." The expansion
of existing production patterns prevails over the
development and introduction of new products and pro-
cesses based upon S&T. As a result the plan for S&T
has remained largely "an appendage of the general
economic plan, an independent chapter insufficiently
integrated with the whole."47

Significantly, in 1971 Brezhnev st_essed ':_hat a
new approach was needed to make the macroeconomic
plan a powe-.rful lever of S&T progress, to ensue the
rational managelLant of both economic -owth and -ew
technology. He called for t..e formulation of a com-
prehensive program for the development of science and
technology that could th,,I be used as the basis upon
which to build a 15 year general economic development

I
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plan. Such a program, he told the Party congress
five years later, "provides points of reference and
orientation without knowledge of which it is impos-
sible to manage the economy successfully .48

Since 1973, in fact, work on such a general devel-
opment plan that would extend to 1990 has been under-
uay. Given the tremendous and recurring difficulties
the leaders have in trying to devise even t%;risible
five year plans, however, it is no wonder that such
long-range planning has e4countered stiff resistance
and serious methodological obstacles. The Academy
and the GK TT completed a partial draft of a "Compre-
hensive Program of S&T Progress and Its Social and
Economic Consequences for 1976-1990" by the fall of
1975. Indicalp that this effort did not yet meet
with full approval, the Part: Congress in February
1976 instructed the Academy and the State Committee
"to continue" work on this subject and "to see

tr it" th. the forecasts "are better grounded."49
Prepa ation of a general 15 year development plan
for the country continues to encounter delays and
difficulties.

Though we still know very little about the details
of the Comprehensive Program for S&T, it is possible
to glimpse from available information at least a few
of the central concerns surrounding this endeavor. In
gene:al, the more than 150 forecasts prepared for var-
ious fields of science and technology before drawing
up the Comprehensive Program were only partial fore-
casts. They focused on the development and production
of only a few select products and processes. In ad-

dition, eacu forecast was developed predominantly on
a branch basis, separate from the rest in material
and labor resources. The lack of a "systems approach"
to planning and resource allocation admittedly dimin-
ishes the value of the forecasts.50

Particularly significant, the major projects in-
cluded in tZle Comprehensive Program are based only
upon SETT achievments that have already found prac-
tical application. "This reduces, of course, the
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possibilities for technical progress posed in the
Comprehensive Program but, at the same time, makes
the general targets and indicators realistic and re-
liable," cia.;_ms a study produced by the Higher Party
School under the CPSU Central Committee.51 Nonethe-
less, there are P.ome, like A. S. Gusarov of the Acad-
emy's Institute of Economics, who disagrees with this
approach to planning, uncertainty, and risk. He em-
phasized at the 1975 round table, "After all, we must
be concernd.d not only with mastering the experience
that has been amassed in the course of SST progress,
but also with mastering the ongoing revolution in
science and technology." Gusarov and others apparent-
ly fear that this conservative approach to building
the future entirely on the accomplishments of today,
no matter how high, will only lead to "planned obso-
lescence." As a recent major Soviet work on science
policy put it, such planning amounts essentially to

backwardness, not progress."52 It also
does not constitute a viable strategy for closing the
technology gap with the West. On the contrary, it
carries the possible danger that the USSR will fall
even further behind. As Gusarov observes, "After all,
it is possible to lag even while moving forward."53

To meet the second need, continuing emphasis has
been placed on broadening the application of a "pro-
grammed-goals approach" to planning and management.
A kind cf "programmitis" has gripped the Kremlin as
many have fastened on this management-integrative
tool with high hopes of solving the mounting problems
of complexity and change. Its use is being urged for
major construction projects, like the territorial-
production complexes being built in Siberia, Central
Asia, and the Far East, as well as for large-scale
R&D programs. Calling for comprehensive programs
centering on key scientific, engleering, economic,
and social problems, Premier Kosygin at the 1976 Par-
ty congress singled out as priority tasks the devel-
opment of the nuclear power industry and the mechan-
ization of manual and heavy physical labor. A. P.
Aleksandrov, President of the Academy of Sciences,
suggested that the modernization of agriculture and
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development of computer technology be raised to this
special national program status. Brezhnev, on the
other hand, stressed to the congress the importance

formulating comprehensive programs for the devel-
opment of the fuel and power complex, metallurgy, and
the leading branches of machine building.

As regards science policy specifically, movement
towards -rogrammed-goals planning is most evident in
the switch from "coordination plans" to "integrated
programs" for high priority S&T problems. The number
of basic problems has also been reduced to around 200.
Much more than before, the accent is on the actual in-
troduction of R&D results into the economy, on inte-
grating science, technology, and production. This
follows Brezhnev's own stress at the 1976 congress
on the nc d to focus planning and management more on
"end results." "This approach becomes especially ur-
gent," he explained, "as the economy grows and be-
comes more complex, when these end results come to
depend more and more on a multitude of intermediate
units, on an intricate system of intrabranch and in-
terbranch ties." "In these conditions," Brezhnev in-
sisted, "It is easy to overlook the most important
thing--the end results."54 Scientific R&D has in
particular fregt ntly been caught in "the activity
trap," when activities become an end in themselves
aad their end results are lost to sight. As we have
noted, even the coordination plans for priority S&T
problems have tended to end with the experimental de-
sign and testing stage and, in exceptional cases,
with the production of prototypes. For all practical
purposes, the planning process has stopped short of
series production. Scientific R&D thus has failed
to produce substantial practical results, to follow
through to industrial assimilation. Suffice it to
note that another important aim of the new integrated
S&T programs is to facilitate more effective coordi-
nation of R&D plans with investment plans and with
the allocation of material and technical resources.
Thus, the change in planning involves more detailed
control and managerial surveilla'ce, not just the in-
troduction of R &D results.
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Underlying this heavy accent on the systems ap-
proach to planning is the need to deal more effec-
tively with major interbranch problems that cut
across ministerial lines. Brezhnev particularly
complained to the 1976 congress about too many
"nursemaids," about the fragmentation of decision
making and administration, leading to unwarranted
cost overruns and protracted delays. "What r:
quired here," he told the congress, "are integrated
and centralized programs embracing all stages of
work, from project design to practical implementa-
tion." Lending his support to the systems movement,
the General Secretary charged that "the question of

improving the methods of solvinc major interbranch
and territorigl problems of state importance cannot
be put off."5' M. P. Ring, a prominent science pol-
icy expert, also emphasizes that the Soviet govern-
ment cannot continue to solve major complex S&T prob-
lems incrementally "by pieces," and by means of ter-

ritorial and branch planning alone. Such a policy

leads to "slow, incomplete, and insufficient solu-
tions."56

It is important to mention again that, despite the

long tradition of central e-onomic planning, Soviet

authorities have lacked unt relatively recently the

necessary organization, techniques, authority, and

exp4rience to plan and manage R&D on a comprehensive

level. This is particularly true for the civilian

sector with the exception of a few crash development

and high priority programs, like chemical technology

or atomic energy. Planning of R&D has been--and
still predominantly is--conducted on an institutional

basis. Given the extreme functional specialization
of institutional performers and the structural frag-

mentation of the innovation process, it has not been

possible to plan and manage projects within the
framework of one or two organizations. A major aim

of the drive to create large research and production

complexes is to build an organizational basis for

broader program planning. Such structures permit the

development and use of more sophisticated techniques

of systems management and project control.
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Thus, systems planning and programming is seer by
many to offer a remedy--if not a panacea by which to
overcome existing deficiencies. But experience re-
mains limited in this area. As Academician T. S. Kha-
chaturov, editor-in-chief of the main Soviet economic
journal, cautioned the 1975 round table or S&T

"This is indeed an enticing prospect, but to
what degree has the ground been laid for program-in-
tegrated planning?" Indeed he reminded them, "It is
appropriate to remember that work is only now begin-
ning on questions pertaining to planning based on com-
plexes and programs."57 There are still many unre-
solved issues not only about programming per se but
also about how to fit programming techniques into the
general system ,:)f Soviet planning. The issues here
are far from purely methodological.

RAISING MANAGEMENT EFFECTIVENESS

Problems of choice, priority, and policy are,
above all, management problems. Indeed it is possi-
ble to say that managezent has emerged as the "cen-
tral issue" in Soviet science policy and development
strategy today. A. V. Sobrovin of Moscow University
expresses the prevailing official view: "The problem
of technical progress is first and foremost a ques-
tion of management."58 In June 1970 Brezhnev ob-
served, "The solution to many of our economic prob-
lems should now be sought at the junctures between
progress in science and technology and progress in
management."59 Gvishi-lai writes similarly:

It is no exaggeration to say that the pace
of our advance hinges on organization and
capabilities in the system of management.
Fusion of the latest achievements in science
and technology with the most up-to-date
achievements in organization and management
is an imperative of the contemporary STR.60
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Growing appreciation of the critical role of man-
agement, in curn, has brought enhanced awareness of
the need for more effective R&D administration. So-
brovin says frankly, "Let us build a modern system of
management of technical progress. If we do not do
this, we will accomplish nothing. '161 Stating what
has since become a slogan of the times, Brezhnev de-
clared in June 1970 that "the science of victory in
building nmmunism is in essence the science of man-
agement."° The linchpins of his grand strategy have
become the "management of science" and the "science
of management."

A critical "management gap" therefore is an inte-
gral part cf the perceived "technology gap" in the
USSR. Soviet authorities have come to recognize more
and more that the existing technology of management
is increasingly inadequate in coping with modern R &D
problems. Innovations in planning, organizing, and
controlling activities have lagged along with advanc-
es in technological hardware. There exists a new
level of awareness of the need to develop and to ap-
ply modern decision-making techniques and management
attitudes toward S&T policy. Indeed underlying these
concerns, it seems, is the idea that perhaps the fast-
est and most effective means of overcoming Russia's
technological backwardness in modern hardware is
through a great leap forward in "software" and man-
agement know-haw.

Again, as in organization and planning, the major
problems in management lie in the fragmentation of
R&D decision making and administration. This results
in poor direction and integration of effort--the
heart of management functions. Integrative capabil-
ities are, moreover, becoming increasingly important
in S&T policy. "The problem of ensuring continuity
of the process at every stage of R&D, including the
introduction of results into mass proe'action," writes
Gvishiani, "is now being brought to the fore as the
most complex organizational task. It is absolutely ob-
vious that this process requires integrated manage-
ment." Professor G. Kh. Popov, Dean of the Economics
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Faculty at Moscow University, also notes, "Today vir-
tually all questions of any importance--and above all
the key problems of S&T progress--have become inter-
branch in nature." "This is why," he explains, "im-
provement of the mechanism of interbranch coordina-
tion is one of the core problems of management." As
regards this problem, Politburo member M. S. Solomen-
tsev, who is also Premier of the Russian Republic,
acknowledges flatly, "There is nothing of greater ur-
gency."63 Indeed, the administrative machinery en-
counters its greatest challenges in dealing with com-
plex S&T problems. At a time when the importance of
this class of management problems is rising, the de-
ficiencies of the existing system of coordination are
becoming all the more apparent.

Official concern with surmounting these shortcom-
ings provides, in fact, the impetus behind the grow-
ing systems movement in the Soviet Union today. Sys-
tems technology is fast becoming the final word in
prganization, planning, and management as the leader-
ship seeks more effective methods of integration and
:ontrol.

Taken together, developments in the areas of or-
omization, planning, and management indicate, to a
Large extent, the efforts being made to bring space-
age management perspective and technique to the Krem-
lin. The current emphasis on setting objectives, de-
'eloping action plans, determining the means to ac-
:omplish them, and appraising performance on the ha-
;is of results is the essence of modern management.
Mille "programmed-goals approach- is basically Soviet-
;tyle "management by objectives," "results management,"
and "systems planning, programming, and budgeting," to
Ise equivalent Western terms. Much like leaders of
:amplex organizations the world over today, in gov-
rnment and business, Brezhnev and company are at-
:empting to use these tools to improve managerial
)erformance and effectiveness as well as to ensure
'arty control.

In the organization of management, two problems in
>articular are being singled out. The first is the

277



need to separate strategic and coordinating functions
from operating management and control. The failure of
existing management structures to incorporate and
maintain this division of tasks has caused them "to
freeze the development of technology and the effi-
ciency of production," writes Milner. In practice,
both strategic and operational functions are concen-
trated at the highest levels of management. Conse-

quently, the command channels become overloaded as
problems are constantly referred upward. Top execu-
tives become absorbed in current operations and di-
verted from strategic concerns.6'

Second, there is need to formalize and expand hor-
izontal patterns of management as well as to combine
vertical and horizontal channels of administration.
Integration can take place only at the apex of the
organizational pyramid. Thus, top management becomes
heavily involved in securing horizontal joint actions
and coordinating goal achievement by various func-
tional units at lower levels. Again the result is
the overload described above and the failure of or-
ganizational leaders to conduct strategic planning
and decision making for the future. At the same time,
the nur.ber of complex problems demanding team work
and joint effort is growing daily. Numerous attempts
have been made at plants and associations to create
special bodies responsible for coordinating and har-
monizing lateral ties at all levels of management.
However, they have proven to be ineffective, Milner
points out, "because they try basically to adapt the
line and staff structure to solve tasks for which it
is not suitable." Such problems can be solved most
effectively, he adds, "within the framework of a spe-
cial structure, one that cooperates with a line and
staff structure, supplements it but is not identical
to it."65

Basically, the Scviet structural response to these
needs has followed closely the pattern of organiza-
tional and managerial adaptation in the United States.
During the 1960s many American business firms found
that well-known and well-tested structural designs
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and management shapes were inadequate in coping with
complex problems of advancing technology. They faced
many of the same pressures and design problems that
preoccupy the Kremlin today. Similarly, interest in
the design of strategic planning systems mushroomed
as ways were sought to free top executives from oper-
ational worries. Differentiation and integration
:oncepts were applied to structural design to achieve
greater organizational flexibility and management ef-
fectiveness. Additional managerial roles were creat-
td to provide horizontal coordination across function-

lines and vertical flows of authority. Among the
most important structural innovations to emerge out
)f the 1960s were project management and matrix or-
paniz,lion.

Significantly, these same two concepts lay at the
masis of Soviet structural refinements and managerial
:eforms in the 1970s. According to Milner, tr.,.;_,y pro-
ride for "a flexible and dynamic system of interfunc-
:ional coordination and subordination of diverse ef-
!orts of individual links for accomplishing set ob-
iectives."66 "Project teams overcome intraorganiza-
:ional barriers and therefore avoid the basic contra-
Lictions of a functional structure," writes Taksir.67
E. E. Drogichinsky notes, "In the matrix structure
are optimally combined vertical and horizontal flows
f leadership, the management of current production
nd scientific research, the development of new tech-
nology and retooling for manufacturing new products
rithout violating the rhythm of production."68 The
ain advantage of matrix organization, Gavrilov ex-
lains, is that it makes possible the transfer of
perational management to lower levels and thus per-
Its top management to step out of day-to-day deci-
ion making and to concentrate on strategy develop-
ent.69

Accordingly, the concepts of project and matrix
anagement are beginning to find application in the
evelopment and introduction of new technology in the
ivilian sector. Science-production associations in
articular have become crucibles for experimentation
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STRENGTHENING THE BONDS OF MOTIVATION

The motivational and collaborative issues left un-
attended by previous approaches to innovation are al-
so receiving greater attention today. On one level,
efforts have been made to strengthen the role of eco-
nomic stimuli. Some specialists feel, in fact, that
too much emphasis is being placed on this direction.
According to Gusarov, "Essentially the system of stim-
ulation has been reduced to a system of material in-
centives, and this is not correct." Others argue,
"We must not fear the creation of large incentive
funds at enterprises producing high quality products:
they pay for themselves entirely by eliminating los-
ses due to low quality production."73 New incentive
funds have been established at R&D organizations, and
steps have been taken to tie the funding and awarding
of bonuses more closely to the return that R&D re-
sults yield the consumer and the economy. A number
of experiments are also underway that seek to relate
salary levels to productivity and to the results of
work of research personnel.

In general, though, there remain a number of trou-
blesome and unresolved issues surrounding this whole
question. Yu. V. Borozdin notes, "The fact of the
matter is that to date there is still a certain gap
between the system of planning, the system of incen-
tives, and the system of price formation." The award-
ing of incentives is based upon faulty and obsolete
(1968) methods of pricing new products and of equally
ineffective and outdated (1961) methods of determin-
ing economic return on new technology. Two systems of
incentives still exist at production enterprises: one
is geared to the fulfillment of basic economic activ-
ity and the other to the application of new technol-
ogy. Not only do the two frequently contradict each
other, but the latter system, according to M. I. Vol-
kov, "is easily overshadowed" by the former. Lev
Gatovsky similarly writes that the stimuli for new
technology cannot serve as a real "counterweight" to
the rewards for basic production. "Methods of cost
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accounting, the evaluation of economic activity, and
the system of material incentives are too little ori-
ented toward national economic effectiveness based on
S&T progress," he affirms.74 Despite the strong ac-
cent since the late 1960s on the importance of accel-
erating innovation, in fact, the relative share of in-
centive funds for applying new technology compared to
the bonuses for fulfilling basic production targets
has actually declined over the years.75 Writing in
the Academy's economic journal in May 1977, Gatovsky
asserts that the innovating enterprise still finds
that it does not occupy an advantageous and privileged
position. On the contrary, this is still held by en-
terpri3es producing old and obsolete technology.76

In addition, the development of a unified incen-
tive structure has been a special problem at all lev-
els of the administrative hierarchy. Just as in R&D

planning and management generally, divided authority
and fragmented administration have been the rule in

this sphere as well. Only recently have a few min-
istries switched to a system of unified funds for
planning and stimulating the research-to-production
process within the branch as a whole. Only in 1976

were guidelines laid down for the science-production
associations on the formation and utilization of uni-

fied incentive funds. Previously, the central man-
agement or head organization of the NPO lacked au-

thority to redistribute assets, investments, and
funds of the constituent units. Each subdivision
formed and spent its own fund for material incen-
tives, and the NPO did not have any right to these

funds. As a result top management could not utilize
these resources or part of them as an economic in-
strument. The absence of unified funds and uniform
rates for bonuses has prevented NPO' from using mon-
etary incentives to ercourage association mc_bers to

pull in the same direction. A similar problem exists
with respect to the use of incentives across minis-
terial lines to stimulate interbranLh R&D. Scientific
R&D organizations receive deductions for their mater-
ial incentives fund from profits of individual enter-
prises only in their own branch. This dampens their
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interest in doing work of an interbranch character.
At present there are no procedures that permit an
easy transfer of bonus and wage funds, capital in-
vestments, and material resources from one branch
to another to stimulate organizations, regardless
of their departmental affillation.77

On another level, strong emphasis has been placed
on strengthening motivational bonds through the cre-
ation of a unifying goals framework. This tendency
:o view questions pertaining to incentives through
:he prism of the plan is in keeping with the basic
:e"i.tralized approach to S&T policy. Because the re-
;earch-to-production process has basically lacked art
Lntegrating goals structure, the focus has not been
on final results and overall integration but on
parate functions and individual work efforts per

in isolation from one another. Coupling hz.s
een loose and disjointed. Individual and institu-
tonal participants are not fully aware that they
.re involved in a connected process. The whole ac-
ivity chain moves through different links without
he integrating force of common purpose and sense of
eamwork.

Through more explicit use of a goals-oriented sci-
ace policy and purposive technological innovation,
he leadership is trying to build a more effective
ramework for cooperation and interorganizational
collaboration. The accant on objectives and end re-
alts in programmed-goals planning and systems man-
gement approaches currently in vo1ue is designed to
alp build commitment and common purpose that can
Ise structure and people in joint action. Through
search and production complexes and associations
le authorities hope to reshape the attitudes of R&D
?xsonnel and to create a coincidence of interest
icing all participants in the smooth and rapid trans-
:r of technology. Instead of being guided by its
in special interests and parochial views, each unit
to be motivates by common objectives, by "only one

onAcept: ours." The new complexes are seen as means
which to transform 'awkward external cooperation
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into harmonious intrafirm cooperation."78 Such inte-

grating structures are expected to build a more ap-

propriate climate for innovation and to help get

needed team play. Indeed, the Russian term most fre-

quently used 'o describe these complexes and associa-
tions--obedineniye--cnmes from the verb "to unite" or

"to join." It captures the explicit design emphasis

on integration and cooperation.

To be sure, efforts are being made on a variety

of fronts to strengthen motivational bonds all along

the research-to-production cycle. Current approaches

focus almost entirely on the creation of positive in-

centives to promote and reward innovation. Little

attention, much less emphasis, is being given to the

creation and use of negative incentives or sanctions

that punish non-innovative tehavior, such as are pro-

vided by a competitive market economy. In general,

though, motivational bonds are difficult to assess

until these is greater knowledge and understanding

of the nature of anti-innovation attitudes and re-

sistance to new '_echnology in the Soviet Union. In-

deed, this point was made by Sobrovin at the 1975 na-

tional round table on S&T progress: "We still do not

know the reasons for the slow introduction of S&T ad-

vances by enterprises, and hence we do not know the

objective base for searching for new forms and meth-

ods of stimulation."79

SCIENCE POLICY REFORMS:
A BALANCE SHEET

Following Soviet S&T policies over the last de.:ade,

one is struck by a number of features. First, the

growing sophistication of research and analysis in

this area is amply evident. Important steps are be-

ing taken to advance understanding as a first step

toward improving the practice of scientific R&D. The

proliferation of "research on research" has lee, to

greater awareness of the multiplicity of factors in-
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volved in moving ideas from tae laboratory into use,
along with greater appreciation of the importance of
effective coupling throughout the process. Nonethe-
less, understanding of the innovation cycle remains
incomplete. Many questions still lack adequate an-
swers; some important issues have not yet even been
raised in the literature.

At the same time, practice Conti:::ues to lag appre-
ciably behind perception. Just as in modern technol-
ogical hardware, so also in made= software the im-
plementation and diffusion of innovations in R&D
planning and management remains a critical problem.
Indeed, the ongoing science policy debate is rp.Lete
with complaints that progress in introducing its

is slow. Brezhnev observed at the 1976 congress,"The
improvement of planning, the restructuring of she
economic mechanism, and the policy of intensifying
production proceeded slower than planned." He par-
ticularly lamented, "Despite the fact that this ques-
tion was raised repeatedly and insistently, the ap-
plication of SST achievements is still a bottleneck
in many branches.,30 Even more outspoken is L. A.
Vaag of the State Committee for Science and Technol-
ogy, who told the national round table on S&T prog-
ress in the fall'of 1975, "Five years have passed and
there have been no major changes."81

Though the Kremlin's new strategy for science and
technology stresses the need for a total systems out-
look and approach to remedy the problems of incom-
plete planning and disjointed administration of R&D,
reforms themselves have been adopted in a piecemeal,
experimental, and incremental fashion. Despite some
steady gains made in the 1970s, a great gap persists
between the aspirations of Soviet authorities for
comprehensive and coherent S&T policies and their
abilities to implement these wishes. In short, the
Kremlin's reach still exceeds its grasp in this pol-
icy sphere.

The two systems for guiding S &T progress still
prevail, and opinions continue to differ over how to
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improve and how to integrate them. The basic system

of economic planning and management is oriented to-

ward the expansion of production and today's technol-

ogy, while the supplementary system is concerned with

the planning and management of R&D toward the tech-

nology of tomorrow. For the most part, the target of

attention and action has been the supplementary sys-

tem. This prompts Vaag to exclaim, "We must think of

improvements in the basic system and must not confine

ourselves to improving supplementary systems for the

stimulation of S&T progress."82

At issue is largely the role and future of the

supplementary system. On one side are those who ques-

tion the need to improve and to preserve this second-

ary line of influence. For them the central issue is

making the basic system work for science and technol-

ogy. If the economy as a whole is not altered to in-

spire and promote technological innovation, then im-

provements in the supplementary system, no matter

what, will be of no avail. If the fundamental work-

ings of the economy can be so modified, then a sup-

plementary set of S&T mechanisms will be unnecessary.

On the other side, there are some who focus almost

exclusively on improving the latter machinery. They

tend to inflate its role in and potential for accel-

erating S&T progress while downplaying the need for

general system reorientation and change.

A middle position on this issue is held by Profes-

sor Popov of Moscow University. His views also prob-

ably represent the majority opinion among the Soviet

ruling group at this time. Given the complexity of

science and technology under modern conditions, Popov

contends that it is necessary to retain, even in the

future, two channels of influence. In describing the

specific task of the supplementary system, he draws

an analogy with modern aviation. Just as some ad-

vanced aircraft require an initial booster engine in

order to accelerate to a certain level before the

main engines cut in and take over flight control, so

a modern economy needs a supplementary booster sup-

port system for the development and acceleration of
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science and technology. This secondary system of spe-
cial mechanisms for R&D planning and management can
fulfill its role only when it is closely integrated
with and subordinated to the basi,; links of economic
management. "It is impossible for his supplementary
system alone to solve all the problems of managing
S&T progress," Popov emphasizes.83

While everyone generally agrees that both the ba-
sic system and the supplementary system need to be
improved, there is considerable dispute about what to
improve and how. According to Popov, it Is possible
to identify three main schools of reform. One group
focuses on improvements in planning, the search for
better indicators, more sophisticated analytical tech-
niques, etc. A second favors structural approaches
and organizational solutions. A third school empha-
sizes the importance of improved economic mechanisms,
such as more effective material incentives, better
pricing policies, integrated financing, etc. The
"best" policy, in Popov's opinion, is to pursue im-
provements along all three avenues, to unite all links
of the supplementary system, and to integrate this
system with the basic econ:,wic mechanism. Indeed,
this multi-dlnuamsional approach has been generally
the path of reform in recent years.

On a broader level, developments in the 1970s con-
firm that in the Soviet Union, as elsewhere, the for-
mulation and implementation of science policies de-
pend not only on their substantive effectiveness but
on their political feasibility as well. Suffice it
to say that substantial disagreement persists within
the leadership about the intensity of the "technolog-
ical imperative." Opinions differ over the urgency
of making the transition to more intensive growth in
general and more rapid technological advance in par-
ticular. Political differences and conflict among
the major elite groups constrain action in this pol-
icy sphere. Indeed it is politics that accounts
largely for the basic discrepancy between the es-
poused strategy for S&T with its emphasis on the need
for a systems perspective and approach to problem-
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solving and the tactics of implementation which rec-
ognize the need for a cautious, experimental, and in-
cremental mode of reform.

At the same time, it is inaccurate to attribute
the slow pace of science policy reform simply or sole-
ly to bureaucratic resistance and political conser-
vatism, The responses of Soviet leaders to the man-
ifold problems at hand appear to be based on a more
complex calculus of decision. Not only do they rec-
ognize some of the fundamental and not just politi-
calconstraints at work in the Soviet system. They
also are more aware of the complexities of modern
science, technology, and development. To be sure,
some still cling to the hope of simplistic solutions.
But solutions to complex problems are themselves usu-
ally complex. While this is not always understood,
some Soviet specialists and political leaders are
fully aware of the difficulties of effecting organi-
zational and behavioral change. Milner himself ar-
ticulates well the basic dilemma that confronts So-
viet policy makers in science and technology as the
USSR moves into the 1980s. There is no doubt, he
says, that modern systems approaches and more sophis-
ticated techniques make R&D planning and management
more. difficult. They bring it "into a new class, in-
to a new situation." "But it is not possible by any
other way," he emphasizes, "to solve the new and com-
plex problems of development of the national economy,
which have no precedent in our past experience."84
Perhaps the greatest stride in contemporary Soviet
SST policy has been the discovery that there are no
simple or final answers to the problems of advancing
technology and change.
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and authority for major segments of the R&D ef-
fort, the republics act as a conduit and interpreter
of S&T policy and directives of central bodies. Given
the highly centralized Soviet system and its distinct
set of R&D priorities, however, repub7Ic and local
involvement in science planning and management remains
substantially circumscribed. With the exception of
Georgia there are no counterparts to the USSR State
Committee for Science and Technology on the republic
level. "All-union," rather than "union-republic,"
much less "republic," ministries and agencies shape
S&T policy and direct the national R&D effort, just
as they do in economic policy and development more
generally.

On the whole, both countries have made inordinate-
ly high investments in defense, aerospace, and nucle-
ar R&D while underinvesting in technology for econom-
ic growth. Though technological innovation has cer-
tainly been a more prominent and widespread feature
of the American economy than of the Soviet, still 80
percent of all US R&D has been concentrated in just
five "intensively engineered" industries. Further-
more, 80 percent of federally supported R&D goes to
just two of these sectcrs--aircraft and missiles, and
electrical equipment and communications.

In both nations, scientific R&D remains highly
concentrated geographically in a few major urban cen-
ters and is performed by a few large institutions.
The Soviet penchant for large-scale organization and
functional specialization is well known. Tradition-
ally, head research institutes and design bureaus
have been given primary responsibility for developing
the main thrusts in science and technology. They are
organized to serve whole branches of industry rather
than individual production facilities. The small
business firm and individual entrepreneur do play an
important role in American science and technology,
especially in innovation, that is virtually absent in
the Soviet system. But even in the United States, in-
dustrial R&D is dominated by a small number of large
corporations. Just 10 R&D performing firms account
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philosophy, purpose, and operation. For example,

the National Science Foundation, as a general funder

and caretaker of basic science, resembles the USSR

Academy of Sciences. There are strong parallels be-

tween the budgetary process, which is the main tool

for planning, review, and control--at least in the

public sector--in the United States, and the plan-
ning process in the Soviet system; and between the

OMB and the GKNT in their executive management over-
sight and mediating functions in S&T matters. As the

principal advisory arms in science policy at the apex
of the two respective governmental structures, the
OSTP and the GKNT play somewhat analogous roles. In

interagency R&D coordination, the FCCSET is a kind
of American functional counterpart to the GKNT. On a

more general level, certain parallels may even be

drawn between Congress and the Supreme Soviet as in-

stitutional arenas where S&T policies are publicly

debated and legislated. But such national compari-
sons do not really take us far. Though some proce-

dures or institutions look the same, their effects

and significance may be quite different because they

operate in different environments, each shaped by its

own national traditions, values, and circumstances.

The main characteristics that distinguish the

American and Soviet environments are rooted in the

fundamental differences between a competitive market

economy and political pluralism, on the one hand,

and a centrally planned economy and political cen-

tralism, on the other. It is these underlying sys-
temic dissimilarities that account for and shape the

alternative approaches to science and technology in

the two nations.

In the United States the S&T policy process is

diffuse. The organizational structure of the federal

government is highly fragmented and diversified with

a multitude of crosscutting and competing agencies

in both the Executive and Legislative branches con-

cerned with S&T matters. In most of these bodies R&D

is only an activity in support of a broader set of

roles and missions. In the American framework no
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real mechanism exists to guide polic: making and pri-
ority-setting, much less to blueprint and administer
the whole enterprise. Science policy emerges not as
a grand design but rather as the end product of a com-
plex interaction of diverse and partial wills. The
overall set of S&T policies lacks unity and coherence.

In the Soviet Union, on the contrary, there is a
much more formal process, structure, and policy for
science and technology. The set of institutions re-
sponsible for R&D planning and management is more ex-
plicit and functionally specialized; procedures are
more uniform and clearly defined; and authority is
hierarchical and centralized at the top. The whole
system is built, in principle and aspiration, to pro-
duce comprehensive and unified S&T policies that are
an integral part of overall macroeconomic plans and
development strategies.

The roles and responsibilities of government, in
particular, are perceptibly different. In the Amer-
ican setting government plays primarily an indirect
and supporting role, serving as a catalyst to create
a climate favorable to science and its applicaticms.
The system is premised upon a basic division of labor
between public and private institutions as well as
the belief that whenever possible private incentives
and the normal play of market mechanisms should be
relied on to generate relevant R&D and technolog.,.cal
innovation. Only in those areas where market forces
are deficient or where it has major responsibilities,
such as defense and space, does government take a di-
rect administrative role. The difference between
federal markets and competitive private markets must
be recognized. In the former the government frequent-
ly plans, funds, and manages directly the R&D and is
also the principal customer of the results. The whole
process is heavily authoritarian with strong emphasis
on roles and controls, resembling that of the USSR
with its one giant public sector and command economy.
In the latter, the competitive private market, the
government's role is only indirect. This is the ma-
jor American market.
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By contrast, the Soviet government takes generally
an active and directing role in S&T policy and devel-
opment. Just as industrial advance is the product of
state initiative and administration, the spur to in-
novation also comes from central political authori-
ties. Through state ownership of R&D results and de-
tailed plans the government intervenes directly from
beginning to end of the research-to-production cycle.
Administrative bodies deliberately plan and introduce
new products and processes. The mode of advance is
predominantly innovation by order from the top down;
administrative levers and bureaucratic instruments
are relied on to drive the whole process. Thus the
Soviet government stresses organizational and proce-
dural solutions to science and technology problems.

It is important not to overdraw the image of two
sharply dichotomous models of science and technology
for the US and USSR. The Soviet system is neither af.
unique nor as monolithic as it is sometimes assumed
to be. Though highly centralized, the S&T establish-
ment is also heavily compartmentalized among numerous
functional agencies and institutional subsystems. Al-
though military R&D is systematically managed, Soviet
civilian S&T is less centralized. The GKNT has only
partially succeeded as general overseer by concentra-
ting on a limited number of priority areas rather
than all R&D activities. Nor is the American system
as anarchic and freewheeling as it seems at first
glance. Government regulation of innovation dampens
the entrepreneurial spirit. Contradictory impulses
and policies coexist in both environments. Each sys-
tem excels in certain respects and falls short in
others.

To underline the comparative dimensions of Ameri-
can and Soviet approaches, the following discussion
focuses on three major areas of S&T policy: (1) rela-
tionship of scientific R&D to industry; (2) the use
of indicators and measurement techniques in policy
planning and management; and (3) incentives and ob-
stacles to innovation. Finally, the new complexity
barriers that both countries face today in framing
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The creation and use of new technology is fenced off
from general economic activity. Each sphere proceeds
more or less on its own. Organizational structure
and the overall planning process continue to reflect
the fact that science and industry are still largely
separate worlds, coexisting rather than interacting.

American R&D, on the contrary, is more closely
coupled to other subsystems of society. Science for
science's sake has not been an aim of public policy.
Rather, like everything else, science should pay off
if it is to merit public support. In government
agencies, R&D is not considered in isolation but as
part of their broad mission. In industry, management
works on the principle that R&D of itself is not
enough; it must ultimately be exploited in the mar-
ketplace. Thus, R&D is made a component of overall
business strategy and operations.

A major consequence of the greater insulation of
science in Soviet society is that R&D enjoys far more
stability and continuity in the USSR than in the US.
Kremlin policy makers have much more of an investment
mentality toward S&T as growth enterprises than their
American counterparts. The mode of incremental plan-
ning "from the achieved level" provides the Soviet
S&T establishment an assured and rising level of fund-
ing that contrasts sharply with the variability of
American R&D funding patterns. Neither the federal
government nor industry in the US is officially com-
mitred to a base level of funding nor to standard
levels of increase. On the contrary, R&D funding by
industry varies widely with current economic condi-
tions as does federal spending. In both the public
and private sectors the vulnerability of R&D as dis-
cretionary outlays makes difficult the formulation of
durable science policies. In addition, the Soviet
practice of institutional bloc funding, as opposed to
the American system of project funding, makes for
much greater stability at the level of the R&D per-
former.

At the same time, this high degree of stability
characteristic of Soviet science exacts its price.
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Conservttive tendencies stifle creativity and change.
The inert-1 of institutions and projects is hard to
break. R&D facilities and programs can go for years
without producing any significant results. Above all,
the isolation of research from production decreases
technological innovation and causes problems in de-
livery. The American S&T structure, though not as
stable, is more flexible and dynamic. The greater
stress on results and ultimate use as well as the
closer industrial nonrection keeps research and de-
velopment both resp'nsive and relevant to the chang-
ing demands of the customer. Though it does not per-
mit the same security for performers and continuity
for projects that institutional funding does in the
USSR, the American mode of project funding coupled
with external peer review provides a more independent
and flexible instrument for terminating unproductive
R&D and initiating new programs. In general, the
market environment causes the research sector to make
painful adjustments from time to time to direct capa-
bilities to where they are needed.

The two systems differ fundamentally in their ap-
proaches to integrating research, development, and
innovation. In the USSR integration is a bureaucrat-
ic function assigned to a hierarchy of special agen-
cies. There is little direct collaboration among in-
stitutional R&D performers. Most external transac-
tions are managed through superior ministerial offi-
ces and departments. Interorganizational linkages,
therefore, are essentially administrative. The ac-
2ent throughout is on hierarchical organization, ex-
tensive use of rules, multiple clearam:es, and long
approval routes. Coordination across organizational
boundaries and functional subsystems is partict:larly
complex and difficult.

In the US the conduct and coupling of R&D take
place under different operating conditions. The ver-
tical relationship between organizations and plans
for S&T activities is abbreviated because there are
few steps in the chain of command between the setting
of goals and the performance of R&D. Further, there
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Is little coordination by the government between the
determination of goals and objectives for departments
and agencies and production activities in the private
sector. Private firms compete for R&D contracts from
government agencies and offer services that compete
with those provided by the agencies themselves. The
actors in American R&D are separate institutions,
mostly nonhierarchical and relatively autonomous.
They act independently and competitively, and come
together by agreement in mutual self-interest. Link-
age does not occur through directives and approvals
but on the basis of competition and pluralism. Such
cooperation of public and private institutions is one
of the most original characteristics of the American
science and technology enterprise.

These systemic differences underlying the archi-
tecture of linkage, in turn, shape attitudes of R&D
personnel. In the USSR innovation by order and top
down planning and management causes R&D performers as
well as their supervisory ministries to look upward.
They are oriented primarily to pleasing their own ad-
ministrative superiors in the hierarchy. Since they
are not concerned with the distribution and use of
their results, producers all along the innovation
chain are not output-oriented. They are, on the con-
trary, keenly concerned with inputs on the supply side
because this is where major uncertainties and problems
in innovation lie in the Soviet system. Furthermore,
the emphasis on functional specialization and organi-
zational separation tends to direct the vision of in-
dividuals and management bodies toward separate ef-
forts rather than the overall enterprise. As a re-
sult the whole S&T establishment is inward-looking.
Each performer takes a narrow view of his responsi-
bilities, tasks, and interests.

In the American milieu of a highly consumer-orien-
ted society generally and with market pull a major
driving force for successful innovation, R&D perform-
ers are oriented outward, to satisfying their custom-
ers. Competition for customers on the basis of price
and quality makes output and use important considera-
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tions. Supply is generally not a problem. Abundant
resources are usually available, given sufficient
capital. Rather, attention is directed to the demand
side where in the American setting the basic uncer-
tainties and risks are lodged. Individual and inst-
tutional actors focus on environmental externalities
that may stimulate or constrain innovation, especial-
ly SST activities beyond their own in-house efforts
that may pose new opportunities or competitive threats.

Given these divergent orientations, R&D personnel
maintain different patterns of communication and in-
teraction. In the USSR functional performers tend to
be separate from each other organizationally and spa-
tially. The predominantly vertical structure of de-
cision making inhibits lateral interaction. Working
contact between R&D specialists and user or client
groups is weak. The later links of the innovation
chain--the introduction and debugging of new technol-
ogy--are in particular poorly developed. Throughout
there is little real interplay, much less team play,
to integrate individual efforts. Self-sufficiency
rather than cooperation is the goal.

The accent in American R&D is on direct interaction
and interdependence among major performers. Continuing
communication among the various participants promotes
mutual understanding, trust, and acceptance. Though
the "not-invented-here" sentiment exists, it is not
so pervasive an attitude as it seems to be in the So-
viet system. In the US personnel also move more both
within and among the different sectors of academe,
industry, and government. Close contact between gen-
erators and use-s of research is another important
feature. Indu.try particularly stresses linkage not
just in R&D but also between R&D and manufacturing,
marketing, sales, and services. These connections
help assure the viability of new products and proces-
ses. Some firms organize R&D to involve the user
early in the development of innovations and clients
also participate at critical po-!.nts. Good will and
good customer relations, it is said, do more for tech-
nological utilization than almost anything.

308



Taken together these features point to different
approaches to technology transfer. In the USSR com-
munication takes primarily the form of the transmis-
sion of documents and routing of information through
formal administrative channels. The main interactions
are between functional performers and higher ministry
authorities who serve as administrative gatekeepers
at critical transfer: points. The whole activity chain
moves through different links and stages by hierarchi-
cal referral and bureaucratic relay. In general, the
research-to-production cycle is not an integrated or
integrating process.

In the American framework emphasis is on person-
to-person contact rather than reliance upon printed
information and communication through a middleman.
Informal and oral sources provide key communications
about both needs and technical opportunities. Bridg-
ing roles are played by "technological gatekeepers,"
"market gatekeepers," and "manufacturing gatekeepers,"
all of whom provide information about environmental
conditions that can influence the flow of action. This
close linkage allows scientists and engineers to co-
operate in shaping technical programs and an informa-
tion base. Feedback from the market plays a self-
correcti,ig role and keeps R&D responsive to the user.

This brings us to the question of technology util-
ization and delivery mechanisms. These mechanisms
differ between the private and government sectors in
the US. The federal government, despite its large
investment in R&D, does not take an active role in R&D
diffusion and has not, with a few notable exceptions,
been effective in promoting it. Diffusion is largely
the province of the private sector. Most federal
agencies do not have explicit policies or special pro-
grams for promoting technology transfer. Those that
do usually fall short of the utilization stage. Among
the mechanisms used by federal agencies the most com-
mon and expensive are the S&T information dissemina-
tion services. They are also judged to have the low-
est impact, reflecting the general ineffectiveness of
written communication as a means of technology trans-
fer in the American setting. The most successful ap-
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proach, on the other hand, has been the highly active
Agricultural Extension Service where field agents
know well the local users and serve, in effect, as
salespeople for new technology.

All these governmental programs encourage research
utilization only after the R&D results have been gen-
erated. Most effective industrA...1 approaches to tech-
nology utilization, however, begin much earlier in the
innovation process. Industry itlso provides an inte-
grated and coordinated system from conceptualization
to commercialization that does not exist in the gov-
ernmental sector. Indeed such an approach is used in
the public sector only in areas like defense or space
when the federal government both creates and defines
the market and is the principal customer itself. Even
here, however, systems planning and management is not
always efficient or economical.

The practical translation of R&D results is one of
the most deficient areas of S&T policy in the USSR.
Traditionally, Soviet economic policy has minimized
investment in an experimental base and scientific in-
struments industry in favor of investment in on-line
production facilities. The development sector, the
crucial intermediary between research and production,
tends to be neglected. The share of expenditures on
development and engineering applications has been on-
ly about two-thirds that in the United States. As a
result there continues to be a scarcity of experimen-
tal facilities to develop and test prototypes.

In general, the vital interfaces in the transfer
process have not been explicitly and effectively
structured or linked. The utilization of R&D has fal-
len outside the bounds of both science planning and
production planning. Innovation or the introduction
stage has not been an organic part of the system of
planning and administration. There is no special pur-
pose organization charged with managing diffusion in
the Soviet Union. For the most part, extensive--but
ineffective--S&T information storage and retrieval
systems have been relied on. These services, which
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are managed and coordinated centrally, befit tne gen-
eral pattern of Soviet communications.

Since the late 1960s Kremlin authorities have
shifted from passive mechanisms to more active strat-
egies of technology transfer to enhance industrial
research utilization. Adopting a process view of in-
novation, they have established new institutional ar-
rangements and organizational forms that seek to span
and integrate the multiple participants and stages in
the innovation cycle. The development of research
complexes along the lines of some American industrial
research parks has been emphasized in the belief that
the desired benefits of cross-fertilization, sharing
of facilities and interdisciplinary cooperation are
better achieved through such close association. Dif-
ferent types of research complexes have evolved, in-
cluding (1) formal incorporation of research, design,
and production facilities in single organizations,
such as the production and science-production asso-
ciations, and (2) more recently, geographic colloca-
tion of R&D facilities. The creation of special or-
ganizations concerned wich the introduction of new
technology is less well advanced. Forms of project
management and matrix organization used in American
R&D are, however, being modified and tried in the So-
viet context.

SELECTION OF S&T GOALS
AND EVALUATION OF RESULTS

In the United States major goals (problems) need-
ing S&T solutions are selected not as a formal plan-
ning activity but through a complex political-economic
process that is not well understood or economically
efficient. No formal procedure or time schedule
exists for such selection, no one body to establish
goals and to measure results. Both the Executive and
Legislative branches have identified such major goals
as space exploration, cancer research, improved envi-
ronmental protection, and energy research and devel-
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opment. In general, the mission agencies of govern-
ment have assumed responsibility and authority for
recognizing scientific opportunities and for steward-
ship. Given the decentralized nature of American R&D
neither the selection of topics nor the allocation of
funds is a simple process in government. The fragmen-
tation of structure and competence mediates against
comprehensive policy planning and analysis.

In the US the budget process represents the clos-
est thing in government to a systematic effort at re-
source planning, program evaluation, and integration.
But it is a highly imperfect tool. There is no spe-
cial budget or special budget process to integrate
R&D into a broad S&T policy or national goals. Rather,
the budget is prepared and judged on a departmental
basis; the total federal R&D budget is largely an af-
ter-the-fact-summary of the R&D budgets requested by
each agency and justified in terms of their separate
missions. The multitude of agencies in she Executive
Branch concerned with S&T matters is matched by a
multitude of committees in Congress that share re-
sponsibility for budgetary analysis and appropriation.

This pluralistic method of budgeting for R&D makes
difficult the formulation of policies and coordina-
tion of activities across traditional government sec-
tors and independent agency lines. Although some ef-
forts are made--largely by the OMB and, to a lesser
extent, by the OSTP ---to ensure priorities and balance
in S&T programs, no integrative mechanism draws sci-
ence policy toward a rational approach to problems of
choice, of costs and benefits, of needs and opportu-
nities. To be sure, the need is generally recognized
for some central focus and oversight to ensure great-
er consistency and coordination among plans and agen-
cies_ Rem, rdless of how compelling the case seems
for more systematic S&T planning and evaluation, how-
ever, the basic fact remains that such a planning and
analysis function does not fit easily into the plural-
istic form and competitive ethos of American govern-
ment with its fundamental emphasis on political advo-
cacy, bargaining, and compromise in reaching public
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decisions. The capability for such policy analysis
and integrated systems management exists only in ex-
ceptional instances where the nation has been galv.i-
nized towards a single goal or where a single nation-
al project has the general consent of the populace.
For the most part, decisions are made piecemeal.
Throughout the process there is considerable confu-
sion and disagreement, but the nation accepts these
inefficiencies and imbalances as the cost of diversi-
ty and of decision making that values open markets,
adversarial relations, and consensus building in pub-
lic policy.

In the Soviet Union the planning of R&D is highly
structured in a top down manner. Most important S&T
goals are formally identified and selected. Current-
ly, this list consists of approximately 200 major
problems. The solutions to these problems are sched-
uled over periods of from c'ne to three five-year in-
crements and are incorporated into the macroeconomic
plans for the USSR as a whole. Not only do plans
specify general objectives, but they also detail all
measures necessary for the attainment of goals, such
as requisite resources and their interrelationship,
experimental design, assignments for output and tech-
nology transfer, construction of new facilities. In
addition, the mechanisms for plan expression and en-
forcement, such as indicators, norms, standards, and
incentives, are similar at all levels and in princi-
ple are mutually reinforcing and internally consis-
tent. In the USSR, then, the whole structure of hi-
erarchical relationships is designed to integrate the
various activities of different units around central-
ly determined general goals. Thus, in principle at
least, the Soviet system offers great potential for
comprehensive planning, coherent analysis, and balanc-
ing assessments in S&T policies.

In practice, however, Soviet R&D planning suffers
from serious deficiencies. Some of these result from
the inherent uncertainties
innovation itself. Others
in Soviet organization and
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centralized, policy planning and analysis is heavily
compartmentalized not only in vertical branch minis-
tries but also in the numerous special functional
agencies. The innovation cycle is fractured in time,
task, and territory. The basis of planning, financ-
ing, and management is still primarily the functional-
institutional performer rather than programs, pro-
jects, and work stages. Furthermore, SST planning is
also separate from and insufficiently coordinated
with the planning of production.

Much as in the US, therefore, it is difficult for
central S&T policy makers in the USSR to exert inte-
grating influence upon a basically pluralistic admin-
istrative structure. The heavy chalk marks which de-
lineate different bureaucratic subsystems and insti-
tutional domains are not easily erased. To be sure,
there are more deliberate attempts than in the US at
overall priority-setting, program assessment, and co-
ordination. But the capabilities of the GKNT--the
main balancing wheel of the Soviet S&T mechanism--and
other functional agencies to analyze and evaluate al-
ternative program goals, costs, and benefits arc con-
strained at every turn. They frequently lack the
authority and means to perform their integrating func-
tions. Given the nature of their overlapping and
shared responsibilities for R&D planning and manage-
ment, the state committees are often forced to seek
the approval of and accommodate themselves to various
ministries, departments, and other state committees,
not to mention Party agencies. As a result they per-
form a continuous and difficult balancing act in which
national goals and priorities are reconciled with the
special interests of the numerous organizations that
conduct the national R&D effort.

The Soviet planning process, then, like the Ameri-
can budget process is salted with bureaucratic rival-
ries. Though calls are periodically heard to strength-
en the integrative capabilities of the GKNT, there is
still little inclination to give the State Committee
or any other body the clout necessary to forge coher-
ent, focused programs across ministerial and depart-
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to specify objectives, and to evaluate alternative
ways of accomplishing these goals.

In the United States several specialized planning
(e.g., PPBS) and project management (e.g., PERT and
CPM) methods came into use during the 1960s. They
were designed primarily for large development programs
in aerospace and defense-related fields--that is, in
sectors which operate much like command economies. The
magnitude.and complexity of these programa demanded
sophisticated and high-capacity management control
systems. Although only the largest companies and the
military use PERT techniques and only on the most com-
plex projects, systems thinking is a prominent feature
of the research management environment in general in
the United States. The inherent uncertainties in R&D
and the difficulties of trying to quantify social ben-
efits, however, generally rule out the application of
highly quantitative systems planning and management
techniques.

In the USSR a similar systems movement burgeoned
in the 1970s. The demand for techniques which view
projects in a total systems perspective began to be
clearly felt as the regime launched a number of crash
development programs to speed technological innova-
tion. Formal program-type planning methods appeared
along the lines of PERT and other sophisticated Amer-
ican models. These techniques were developed, in par-
ticular, for application in the complex interbranch
S &T programs ,f national priority, which previously
suffered from faulty systems planning and management,
and to improve management effectiveness in general.

Such sophisticated planning and control techniques
are compatible with the Soviet predilection for high-
ly structured activities. Used for some time in the
defense sector, such methods have not generally been
applied in civilian R&D which is constrained by the
structural and administrative fragmentation of the re-
search-to-production cycle. Formal procedures for
multiagency planning, financing, and management are
still confined largely to the interbranch programs
and complex projects, although a few ministries have
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This trend holds for both countries but for very
different reasons. In the US innovation is more
closely woven into the whole economic fabric and cul-
ture of the nation than it is in the Soviet Union.
The industrial connection is a close one, and Ameri-
can READ, therefore, is powerfully influenced by the
general condition of industry. In the USSR general
economic policies are of overriding importance pre-
cisely because of the separation of R&D from produc-
tion. Science and technology have not been driving
forces of the Soviet industrial machine. Indeed, the
production sector strongly discriminates against in-
novation. The supplementary guidance system of spe-
cial agencies, plans, budgets, and incentives orien-
ted to the advance of SST still stands largely apart
from the primary guidance system for basic economic
activity. Science policy continues to have little
appreciable impact on the normal processes of econom-
ic life in the USSR.

At issue in both systems is the problem of balanc-
ing the risks and rewards associated with innovation.
The balance rests on profits tied to the market in
the American setting and bonuses tied to plan fulfill-
ment in the Soviet. Both company profits and enter-
prise bonuses vary with general organizational perfor-
mance, as do the rewards to management. Hence, Soviet
industrial managers tend to maximize bonuses as their
American counterparts maximize profits. In neither
country is the management reward structure attuned to
the pace of innovation. Both American and Soviet man-
agement work with a short time horizon, and each tends
to fall into a profit,NOW and bonus-NOW syndrome. Ori-
entation to product4on means that innovation consists
largely in the adoption of less risky, small size
cost-reducing processes rather than the creation of
basically new products. Moreover, the problems of in-
novation in both countries lie not so much in internal
management as in relations with outside organizations,
principally with suppliers in the Soviet Union and
with customers in the United States.

On the whole, the balance of risk and reward in
the USSR still tends to work against innovation. Al-
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In neither system, however, are present mechanisms
well suited to solve contemporary S&T problems. Each
nation has evolved over the years a relatively set-
tled division of responsibility among an array of spe-
cial administrative agencies and separate performing
institutions. But the problems and the solutions in
science policy today cut across established bound-
aries. Effective problem- solving requires a high lev-
el of coordination and cooperation. The multiple par-
ticipants in the innovation process need closer rela-
tions that still recognize their distinct roles. The
creation and administration of such linkages, it turn,
demand of both systems a new level of management and
of imagination.

Though both nations are beset by the mounting com-
plexity of S&T problems, the nature and source of com-
plexity differ in the two systems as do their evolving
institutional responses to overcome the new barriers.
In the United States both the public and the private
sectors--and their interaction--are growing more com-
plex. This complexity acquires added significance as
science policy focuses increasingly on solutions of
domestic civil sector problems, requiring a more di-
verse and less centralized approach than military and
space problems. The role of the federal government
and of industry in public technology and methods for
stimulating innovation to improve the quality and ef-
ficiency of public services are unclear. In particu-
lar, government regulation has grown as a national
concern. The proliferating dezands and standards im-
posed by government and the costs of regulation are
beginning to inhibit seriously both university re-
search and industrial innovation. Reform efforts are
underway to rationalize the whole regulatory process
and to make regulation itself cost-effective by in-
troducing and requiring economic analysis and atten-
tion to costs in regulation. Underpinning regulatory
revision is the need for new approaches to achieving
a better balance between risk and benefit. Nonethe-
less, basic knowledge about the factors involved is
still weak, and there is no agreement about how to
measure the costs and benefits associated with this
new set of S&T problems.
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losophy, property relations, and social values. These
factors tend to rule out certain practices altogether
and circumscribe the, possibilities of change. It is
evident, however, that improved understanding in each
country of the other country's approaches is valuable
in its own right and creates the opportunity for each
to benefit from the other's experience and collective
knowledge of its citizenry. And with greater mutual
understanding it may be possible for both giants to
cooperate in solving some of their mutual transnation-
al problems through science and technology.
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